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[The following paper was written nearly thirty years ago, and was read by 
me at the Oxford Meeting of the British Association in 1860. As, however, 
only a very brief abstract of it was published, and the Members of the Thun- 
derstorm Committee of the Royal Meteorological Society are of opinion that 
it contains facts worthy of attention, I have, at their suggestion, submitted it 
for the acceptance of the Society. I offer no apology for its style or arrange- 
ment, but leave it as it was. It will, however, probably be well to explain 
that it was the fourth report, and the summary of work, upon thunderstorms 
to which I had devoted much time in the years 1857i 1858 and 1859, having 
established a small organisation analogous, but naturally inferior, to the one 
recently started by the Boyal Meteorological Society.] 



Results of an Investigation of the Phenomena of Engush Thundebstobms 
DURING the Years 1857-8-9. By G. J. Stmons, M.B.M.S., &c. 

The following pages contain a summary, chiefly in statistical form, of some 
of the resolts of an investigation which I have been carrying on during the 
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. last, tluwe years into English thunikrHtorma, and the aooideata produced b; 

lightning. Id thia mquiry it is obvious that I must have reoeived assiatance 
'. "ttoai B. lat^i! nambor of perBona, so large, mJuuct, that it is impossible to 

nuke more than thia general ackno^lcdgiucnt of my indebtedness to some 

hmidreds of correspondents. 
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NdMBEB or OBSBBTATtOtlB. 



Jannuf , , . 
Febroai; , . . 

April ..'.'.'.'.', 
Bfcff 

Jnlr '.'.'.'.'.'.'. 

8«pt«mb«t . 

Ootober 

Novembei . . , 
Deoember ,,. 

Tot«Ii 



890 
1030 
617 



COLOUB or LlOHTMIHO. 

CoUmn reported in 1857. 

March 16. Chbpstow, red. 

„ 81. Belvoib, blue. Violent thnnderstorm in aftemooD. 

,, „ ^^AKcnEgiBR, reddish. Slight storm 1 p.m. 

., „ TaWAiTK, yellow. Siarp storm at S p.m. 

Slay 28. CurroN, yellowish. Violent storm at some little distance. 
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NuMBEB OF Accidents in 1857-59. 
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ft 



Men killed 

Woman „ 

Men injured , 

Women „ 

Horses killed • , 

„ injured 

Oxenkilled 

„ injured 

Sheep and Lambs killed 
tf ,> injured 

Cat killed 

Dog 

Pig 

Churches injured 

Houses n 

Chimneys „ 

Bams and Stables injured 

Mills 

Flag Towers 

Bailway Station 

Engine House 

Gasometer 

Bicks 

Vessels in Harbour 

Trees 

Schools 

Bailway Train 

Waggon 

Telegraphic Apparatus injured. . . . 
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2 
28 
2 
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N.B.— This Table is undoubtedly extremely incomplete, probably not one quarter of 
the true total, — it merely gives the instanoes reported to the writer.. 
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July 






6. TawAiTB, ** red sheet, and blae carved.*' Violent thonderstorm 

at 8 p.m. 
10. Thwaitb, vivid yellow, forked. A heavy thonderstorm at 2.16 
p.m. 
UcsFZELD, whitish, not forked, slight storm at 0.45 p.m. 

„ blue, not forked. Second thunderstorm at 8.8 p.m. 
on this day. 
19. London, white and yellow when distant, but blue and rose when 

violent, about 1 p.m. 
„ UcKFiELD, intensely blue, very forked about midnight. 
29. Manghesteb, white, tinted with red and orange, forked, about 
9 p.m. when storm distant. 
Manghesteb, one vivid reddish yellow, and one ** vivid purplish 

pink *' during the height of a storm at 8.80 p.m. 
Wakefibld, rose, zigzag flashes, about 5 p.m. 
80. Thwaitb, as sulphur flame, curved, about 4.15 p.m. 
1. London, pale red, sheet, at noon. 
9. UcKFiELD, reddish, not forked, at 1.11 p.m. 
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Aug. 18. London, bluish white, violet, blue, yellow in soath, sheet most 

brilliant 9.85 p.m. 
„ 14. London, white was accompanied by artillery-like thunder ; blue 
by dull though loud thunder. The nearest and strongest clap 
was attendant on a violet flash, and violet often played over 
rose ; this was during a violent storm from midnight of 18th 
to 2 a.m. 14th. 
18. Belvoib, blue, sheet, but occasionally forked and foliated. 

Thunderstorm. 
14. Belvoir, blue, sheet (several accidents in the neighbourhood). 
Manchester, blue, forked. Thunderstorm at night with much 
rain. 



II II 



Colours reported in 1858, 

April 16. London, pale lilac, sheet, slight storm about 9 p.m. 
June 8. II as lightning became more distant it became ** slatish 

white;** this was between 11 p.m. and midnight. 
Manchester, pinky white, sharp thunder about 5 p.m. 
WiBSET, school struck. Yellowish white with a tinge of blue. 
„ 5. Thwaite, red. Thunderstorm and large hail. 

London, red and violet, sheet and forked, with ** Pocky Cloud ** 
in early morning. 
9. Ryther, school struck. Bright red. 
12. Belvoir, yellow, sheet, about 2.80 p.m. — not a bad storm. 
Wakefield, blue and pink, sheet, with heavy rain. 

15. Manchester, orange, distant, about 5 p.m. 

16. „ purplish white and the nearer flashes about mid- 

night, blue, forked. 
„ 15. London, white and yellowish white, distant; about 11 p.m. 
„ 16. ,f white, distant, 9 p.m. to midnight. 

July 7. 91 white, pink and violet. House struck close by. Violent 

at 8.16 p.m. 
„ 18. Manchester, bluish white, forked, 1 p.m. 
Aug. 12. London, red and pink, forked but distant, about 6 p.m. 

„ Manchester, purplish white, sheet or forked below the horizon, 
at 9 p.m. 
Derry. Mr. Moore, a gentleman struck by lightning, said: — 
** We appeared enveloped in a thin bluish flame.*' 
Sept. 17. London, red, pink, some slate, distant, 8 to 11 p.m. 
22. Thwaite, blue. Thunderstorm. 

Manchester, purplish white, forked, about 6 p.m. 
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Colours reported in 1859. 
May 29. Oundle, pale yellow, sheet, mostly distant. 
„ „ Manchester, white, forked but distant, at 7.45 p.m. 
„ 81. OuNDLB, white, sheet, mostly distant. 
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Jane 26. Wakbfuld, rose, sheet, about 9 a.m. 
July 2. London, violet, forked and very grand, abont 10.50 pan. 
„ 18. „ bine and yellow, various, much sheet, about 11 p.m. 

„ „ Ottndle, red, pale yellow and blue, sheet, distant storm at 
11.80 p.m. 
July 18. BsLvont, pink, sheet, at 6.20 p.m., blue, sheet, at midnight. 
„ „ Manohestbb, white, forked but distant, about 6 p.m. 
„ „ Wakefield, yellowish, but on nearer approach rose ; the most 
vivid flash at 7.26 p.m. was violet. 
Aug. 25. OuNDLE, pale yellow, forked, but not severe. 
Dec. 80. Leicbsteb, beautiful rose with a tinge of violet. Thunderstorm 

about 4 p.m. 
„ „ Thornton, Leiosstebshibe, 

8.84 p.m., vivid bright yellow, TI^ = Om.Os. 
8.86, yellow. 
,, 8.87, pale yellow. 

8.41, vivid pink.| ,, ^ ^^^ beautiful pink— so rich a 
q'^! " I colour I do not think I ever saw 

8.55 „ ) ^^^'®- 

Remaeks on the Results or the pbegedinq Tables. 

In examining the returns with reference to the colour of the lightning, I 
find that the results afforded by the different years present a close accordance 
in their indications. 

I may perhaps, before stating the results obtained, explain that I have been 
obliged either to reject or reduce to some of the primary colours the terms 
employed by some of the observers, such as '* like sulphur flame,'* " like a 
burning rope,*' ** mauve,** &c. On separating the records into the two 
classes of Sheet and Forked Lightning, I find that in Sheet Lightning the 
most prevalent colour is white, then yellow, blue, and red ; in Forked Light* 
ning, however, the order is nearly reversed, blue being more than twice as 
frequent as any other colour, then red, white, and most rarely yellow. Blue 
(or violet) is by far the most frequently recorded colour. 

In every case but two where I have received communications from persons 
who have been themselves, or whose houses have been, struck by Lightningi 
and the colour has been mentioned, it has been stated to be blue or violet« 
The exceptions were red at Ryther School, and yellowish-white with a tinge 
of blue at Wibsey, near Bradford. 

Sheet Lightning is seen about twice as often as Forked. 

Some of my own observations have led me to infer that the colour ascribed 
to Lightning varies with the distance of the discharge from the observer, 
with the density of the air through which it passes, and with the existence or 

^ TI = Time Interral, i.e. the interval between the lightning being seen and thunder 
lixtt heard. 
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absence of other sources of illmninaiion ; bnt this is at present merely a con- 
j eel ore ^md requires confirmation. 

Two analyses of these returns have yielded the following results : — 

Colour of LianTNiNo independently of its Ghabacteb. 

Blue. White. Yellow, Red. 

1857 ... 12 6 6 8 

1858 ... 18 8 4 8 

1859 ... 6 4 6 6 

Totals ... 81 18 16 22 

Colour of Forked Liohtnino. 



Blue. 


White. Yellow. 


Red. 


18 


6 8 
Colour of Sheet Ligutnino. 


6 


Blue. 


White. Yellow. 


Red. 


9 


18 10 


9 



Therefore Forked Lightning is twice as often blue as any other colour, 
next to which come red and white, and most rarely yellow. But of Sheet 
Lightning the most frequent colour is white, then yellow, blue, and red. If 
we neglect the description of Lightning, then the order is blue, red, white and 
yellow. 

Ball Liohtnimo. 

1858. June Srdi — On the farm of Mr* J. Stacy, Shippon, near Abingdon, 
Berks, a number of sheep, terrified by the violence of a storm, had collected in 
one comer of their fold ; some men Who were sheltering at a distance of about 
100 yards state that *' a ball of fire, apparently no larger than a quart cup, 
fell among the sheep and killed 25 of them ; a considerable cloud of smoko 
came from that part of the fold where the ball fell, it was carried by the wind 
above two furlongs, and smelt very strongly of sulphur." 

June 8rd. — ^A man who was looking out of a window at Greenholtne Mills, 
Otley, Yorks, states that he saw a ball of fire drop into the river a few yards 
from the window at which he was standing. He was knocked down. 

June 26th, Rubislaw Bleachfields, Aberdeen. Dr. Cruickshank says : — 
'* The lightning on striking the chimney appeared like a cricket ball of the 
brightness of iron at a white heat ; this instantaneously passed into that of a 
bluish flame, a little darker than that of common salt when thrown on the 
fire. A momentary flicker was perceived, and a sharp crack was heard. 

1859. July 17th. — A house in Camden Square, London, only about 200 
yards from my own residence, was struck by, as a friend describes it, a ball 
of fire about the size of a man's head, which, on striking the chimney, seemed 
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to split into two hemispheres. I did not myself see it, as I was looking in 
another direction ; I merely saw an intensely vivid violet coloured flash. 

Joly 21st. — Some men who were at work state that the lightning which 
injured Mr. Payne's house at Southampton was like a hall of fire falling on 
the roof. 

DisBUPTivB Force. 

1857. August 18th. — ^Ahout four tons of stone parapet was displaced at 
Windsor Castle. 

August 14th. — ^A pinnacle of St. Michael's Church, Stamford, weighing 
ahout one ton, was overturned. 

1858. June 8rd. — Shippon, near Abingdon. Mr. Stacy writes : " The 
sheep seem to have heen almost forced into the ground.*' 

June 8rd. — ^Bradfobd. Mr. Haining writes : — " The beam in my attic was 
completely shivered ; and in another house in the same town the flre-grate 
was sent into the middle of the room.*' 

1859. July 18th. — A factory chimney at Wakefield, about 100 feet high 
and built of brick, was more or less injured throughout the greater part of its 
length. As nearly 50 square feet of brickwork was thrown down from the 
upper part, and an irregular fissure extended to the base of the shaft, we 
shall probably under-estimate the force exerted if we state it to have been 
700 tons. No conductor. 

July 19th. — Dbiffield, Yobkb. The iiyury done to a chimney 84 feet high 
is thus stated : — ** One- third of the stone top was thrown down, the rest 
loosened ; the lightning then passed into the brickwork, which on three sides 
(it was octagonal) it split and shattered in all directions through a space of 
25 feet, completely detaching portions of the brickwork several feet in length 
both inside and out ; it then split the remainder of the shaft in a straight 
line (15 feet long) to the stone base, which it also displaced, then split 7 feet 
more solid brickwork, and escaping through a ventilator into the roof of an 
adjoining warehouse it shattered and split the main timbers." This is, I 
believe, the most violent shock which has occurred during the three years, 
and I regret that, owing to defective information and to some of the quantities 
being unknown, I cannot determine the force exerted. No conductor. 

1859. July 21st. — ^A house was struck near Gloucester, and a piece of 
the skirting-board of the sitting-room was picked up at a distance of about 
180 feet; of course the furniture, &c., was all broken. 

1859. December 80th. — ^Nearly 15 feet of the stone work of the steeple 
of Caythorpe Church, Lincolnshire, was knocked down, and fissures made in 
other parts. 

Effects of LiGHTNiNa on the Huscan Body. 
Part I. — In cases of Death, 

1858. June 8rd. — ^The boy killed at Wibsey had a mark about the suse of 
a sixpence on the sole of one foot. His body seemed as if parboiled, and in 
two days it was quite black. 
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Jane lOtb.^A mftn was killed at Baddleworth, there were no marks on the 
body. 
Jane 17th. — ^At Swinefleet a man and the horse on which he was riding 

were killed ; from the following statement it is evident that some marks mast 
have been foand : — ** From an examination of the body it appears that the 
lightning passed in at the man's head and oat at his knee.*' 

Aagast 12th. — ^At Wootton, near Bedford, a man was killed ; a hole 
4 inches in diameter was cat in his hat, bat there were no marks on the 
body. 

Aagast 12th. — ^Near Matlock a man was killed. The clergyman wrote that 
'* snob was the effect of the flaid that he was baried before an inqaest coald 
be held." 

1859. May Slst. — Shore, near Littleborouoh, a man was killed ; there 
was no discoloration, bat one leg was broken. (As he was over 60 years of 
age, it is possible that this may have arisen from his falling to the groand.) 
Fomham, a man was killed ; he had a mark on his forehead. 

July 28rd. — Lanishen, Chepstow, man and boy killed. The man was 
bat slightly burnt, bat the body of tho boy was reduced to a cinder. At the 
inqaest Dr. Audland stated that he had never heard of a body being charred 
as that of the boy. 

Part II. — In cases of Injury. 

1858. Jane Brd. — Wibsby. Two boy swere sitting on a form together ; 
one was struck on the right shoulder, the other on the left. The fluid went 
across the back of the former, burning him all the way. 

1859. July 2nd. — Shbpfet. A Coast Guardsman who was much injured 
must, I imagine, have been marked, as the course of the lightning is thus 
fully detailed: — ** It struck the left side of his neck, passed down his watch 
chain into his fob, thence down both thighs and across the right knee down 
to his feet." 

July 19th. — Bramhope. A young woman was rendered insensible ; her 
father writes : — '* It had gone from her neck down the front part of her body, 
and loft tho very mark thereon." Knaresborough. A lady thus describes 
tho injury done to herself and her son : — " My son's hair was singed, and 

across the shouldors he had marks as if he had boon beaten 

My own arm and sido were turned quite black, it had the appearance of a 
very severe bruise, but felt more like a bum." 
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Kind of Tbbbs stbuos. 
list of trees reported to have been stmck. 



Trees. 


1867. 


1858. 


1869. 


Total. 


Ash 

Crab 

Elm 

Lime 

Oak 

Poplar 

WiUow 


1 


1 
1 




1 




1 




1 
6 

2 
1 
1 


a 

1 
6 
1 
8 
2 
1 


Totals 


• 

8 


2 


10 


16 



In 16 cases the class of tree struck has been mentioned : of these one-third 
were elms, the next in order of this nnenviable distinction are the oak, ash, 
and poplar ; instances also occurred of the crab, the lime, and the willow being 
injured by the Ughtning. 

It is satisfactory to find that as far as so short a series is adequate, it 
corroborates previous opinions on the subject. I may perhaps be permitted 
to quote one of the earliest with which I am acquainted. In the year 1787, 
Mr. Hugh Maxwell wrote to the American Academy that he thought he might 
state from his own experience that the elm, chesnut, oak and pine are often ^ 
ash rarely i and beech, birch and maple never struck. 

A communication with which I have been favoured by Mr. Ingram, of 
Belvoir Castle, bears closely on this subject, and is, I think, worthy of con- 
sideration. He says : — '* I filed your letter, resolving to keep a sharp look out 
in my rides about the neighbourhood for all the thunder blasted trees. It is 
of course difficult to obtain perfectly accurate information, because trees are 
taken away after their destruction, but I have ascertained that within the 
area of Croxton Park, 20 per cent, of the trees (oaks) have been struck with 
lightning. The Park is situated on high ground, the substratum is rock 
(limestone) which has more or less iron in it. The oaks, where the soil is 
strongly ferruginous, are useless as timber trees ; the wood when sawn splits 
and rives in e\ery direction, possibly from the quantity of iron.*' 



DISCUSSION. 

The President (Dr. Marcet) said that the result of Mr. Symons's investiga- 
tion showed the greater prevalence of thunderstorms in the summer months as 
compared with the winter months. This was possibly due to the larger amount 
of evaporation from the sea-surface diu'ing the hot months of the year. It was 
well known that the sea, considered electrically, was positive, and therefore 
during the summer months the lar^e amount of vapour rising from the sea-sur- 
face caused an accumulation of positive electricity in the atmosphere, which ^ave 
rise to thunderstorms. It was rather curious that the number of men killed by 
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lightning was so greatly in excess of that of women ; bat this was no doubt duo 
to men being more exposed to this danger, by reason of their out-door occupations. 
The number of human beings killed seemed very large. The number of houses 
struck was remarkable, and tended to show that means of protection from Light- 
ning were not largely made use of thirty years ago. The number of trees struck 
appeared large, but the damage to telegraphic apparatus, considering the large 
amount in use throughout the country, seemed extremely small. He himself 
remembered witnessing the phenomenon of ball lightning some years ago when 
driving in the neighbourhood of Esher in a thunderstorm. He ana his companion 
saw a Dall of fire on the top of a hedge, 30 or 40 yards from them, where it 
remained stationary for a few seconds and then vanished. 

Mr. M. Jackson inquired whether Mr. Svmons had ever heard of a railway 
station being damaged by lightning. He nad been told that a railway station 
was one of the safest places to be in while a thunderstorm was in progress. 

Mr. Mahriott stated that more than 1000 thunderstorm reports had been 
received in connection with the investigation whicli the Royal Meteorological 
Society was making into the question of British thunderstorms, as many as GO 
returns for one day having in several cases been sent in. The thunderstorms of 
1888 had not been like the ordinary summer thunderstorms, occurring at the 
break-up of spells of hot weather, but had been of a totally different type. In 
winter tne thunderstorms were usually associated with the passage of depressions 
along the north-western coasts of the British Islands. Kegarding damage to 
trees by lightning, the Rev. 0. P. Cambridge had written an elaborate account of 
damage done at filoxworth to no less than eight trees whose greatest distance 
apart was 70 yards, the whole damage appeared to have been done by one up- 
ward stroke.* In May last there was a correspondence in the Times respecting 
injury to sheep and cattle, and the general conclusion arrived at was tnat the 
congregation of the animals closely together caused a great deal of heated air to 
arise, which served to attract the lightning. The disruptive force of lightning 
was well illustrated in the instances in wlilch men who had been struck had their 
clothes torn into ribbons, and their boots shattered. He exhibited a photograph 
which he had taken of the clothes of the two men (sawyers) who were struck and 
injured by lightning at Spaniard*s Farm, Ilampstead Ucath, on June 14th, 1888. 

Captain ^Q.clear said that he believed the reddish hue of lightning to be due 
to the discharge taking place through falling rain, and the bluish tint to the dis- 
charge through dry air, and this would fall in with the report that when damage 
was sustained the flash seen was generally blue, and with the popular notion that 
lightning was harmless when rain had begun to fall. There is one particular 
class of thunderstorm he had never seen described in books on Meteorology, in 
which the form of lightning approached nearer to sheet than to forked, and 
resembled very much tne brush discharge ; it occurred when the clouds were very 
low and in great masses, from which there was a heavy rainfall : in this storm the 
red colour predominated. He had produced something vety like the effect of 
this lightning by passing the electric current from an induction coil through 
cotton wool wetted and sliglitly parted to represent clouds. 

Mr. Archibald said that the theories as to the formation and discharge of 
atmospheric electricity were so numerous and varied that it was difficult at 
present to decide between them. Thunderstorms were certainly more numerous 
m summer, but there was a class of thunderstorms occurring in winter in the 
British Islands whicli were associated with cyclonic disturbances. In Eastern 
Bengal, where he had lived for some time, thunderstorms were ' of extremely 
common occurrence in certain months, and of a severe cliaracter. Anyone who 
had experienced a " North-wester " in Bengal would not soon forget it. He had, 
however, never heard of any case of injury to human beings by lightning in 
tropical thunderstorms, and this seemed to point to the supposition that the 
storms were at such an altitude that the lightning strokes did not reach the earth. 
Lightning conductors were seldom erected in India. It would be interesting if 
the table of the number of persons killed was made to show the monthly figures. 
The colour of lightning, as ne had seen it in India, was invariably blue, like that 
of the electric spark. He remembered on one evening sitting out on the 
verandah of his residence at Patna and watching the lightning continuously 

1 A plan of the position of these trees was exhibited. 
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flashing across his zenith in all directions in the sky for two or three hours ; and 
daring the whole of that time he did not hear a single peal of thunder. This 
was possibly due to the storm being so high in the atmosphere that the thunder 
was inaudible. In the district of Tunbridge Wells, where he now lived, he had 
noticed that oak trees were the most common objects damaged by lightning. In 
Assam ^m trees were the object most commonly struck. He thought it would 
be well m any future investigation of thunderstorms not to confine the inquiry 
to this country, but to include tropical storms as well. He considered that the 
phonograph might be used to record thunder. We already photogr&^h the light- 
ning, and he did not see why it would not be quite as easy to phonograph the 
thunder. 

Mr. B. WooDD Smith exhibited two photographs of one of the men injured 
at Hampstead, referred to by Mr. Marrio*tt, showing the course taken by the 
lightning. The man ^as standing under an oak, leanins against the tree, when 
the lightning stnick his shoulder and passed down his side, as shown, to his feet, 
rendering him unconscious. Thence (possibly conducted by a long saw which 
they had been using in a saw pit adjoining, and had taken under the tree with 
them), it crossed to the knees of the other man and passed down to his feet. 
With reference to the sensation of being "pressed down," he (Mr. Smith) 
quoted the case of a friend who was in a boat with three other persons in Scar- 
borough Bay when the boat was struck, and one of the occupants killed, the 
others being rendered unconscious. All that this friend remembered was that 
the boat seemed to be violently forced down into the sea. 

Mr. SOUTHALL said that he once saw a ball of fire fall during a thunderstorm 
about 40 years ago. He remembered two or three of the thunderstorms in the 
period of 1857-59, during one of which (August 13th, 185^ 2*75 ins. of rain 
fell in 50 minutes. These years were very hot, and the thunderstorms were very 
violent. So far as his own observations went, he believed that oaks were the 
trees most frequently struck by lightning, Lombardy poplars coming next. 

Dr. Williams described a curious sensation experienced by himself and two 
others during a thunderstorm on one of the Swiss mountains. He and a lady, 
together with a guide, had ascended a moderately high mountain, the Pic d' Ar- 
xinol (9,849 ft.), while a thunderstorm was canng on a mountain to the north- 
ward of them. Immediately to the eastward was the magnificent snow-clad 
peak of the Weisshom illumined by sunshine, which they were so occupied in 
admiring that they did not notice the approach of the thundercloud, until pre- 
sently they each in turn experienced a strange buzzing sensation in the hair of 
their heads. At first they did not recognise the origin of the buzzing, but when 
they did so, were somewhat alarmed, and commenced to descend, and when 
about 30 yards lower the peculiar sensation entirely ceased, they evidently 
having passed beyond the influence of the electrified atmosphere at the higher 
levf^l, were no longer acting as points for the conduction of the electrical current. 

Mr. Lawson said he had spent five years at Sierra Leone, where thunder- 
storms are very frequent and violent at the commencement and end of the rainy 
season. During that period he only remembered two instances of houses being 
struck by lightning in Freetown, in one of which a man was killed. The ofiicers' 
barrack on Town Hill, three-quarters of a mile from the river and 400 feet 
above it, was struck on one occasion, but, owing to the extensive metallic com- 
munications from the ridge to the ground, there was no injury to the building, 
and no one was hurt. On another occasion the flag-staff' at Fort Thornton, lower 
down the hill, was .shivered ; and, on a subsequent one, the conductor at the 
magazine at the same place was struck as he was passing the gate of its en- 
closure, and within 30 yards of it. It would appear that injuries from lightning 
at any given point are not necessarily proportional to its frequency there, but 
must depend on some other factor ; in the higher districts of South Africa, for 
instance, where the climate is drier and vegetation more scanty, though thunder- 
storms arc much fewer, accidents from lightning are more common than at 
Sierra Leone, where the opposite conditions prevail. 

Mr. Harries called attention to the colours of lightning, remarking that, 
with the exception of London and one or two other stations, the observers in- 
variably noted onlj one colour during a storm. This renders the table of rela- 
tive frequency qmte unreliable, there being no resemblance between it and the 
one given in the Meleorologiiche Zeit8chr\ft for November 1888, p. 447^ in which 
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Herr Ejrebs gives the results of his observations daring a thunderstorm in iU 
passage towards Altona on the night of August 12th-13th, 1888. Standing 
at the open window of a dark room, he registered 47 flashes of lightning as fol- 
lows : — 



Flashes. 



First ID flashes.. 
Seoond zo „ 
Third zo „ 
Fourth 10 „ 
Last 7 



>f 



Totals 
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It will be seen that the number of red flashes increased considerably in the 
second half of the storm, Ilerr Krebs attributing this partly to the action of 
atmospheric absorption and the increasing distance of the ligntning. Allowing 
for the doubtful observations, the red flashes formed three-fifths of the whole, and 
were six times as numerous as any other colour, there being only one white flash. 
The observations tabulated by Mr. Symons place red second on the list, with a 
quarter of the total number. 

Mr. Maxwell Hall said that he had had considerable experience of thunder- 
storms in the mountains of Jamaica, and he did not think there was a better part 
of the world for their study. He could not a^ee with the suggestion made by 
Mr. Archibald that in the Tropics lightning did not reach the ground, although 
it was perfectly true that in the Tropics very few accidents occur to life and 
buildings, and ne believed that in the case of Jamaica, at least, this immunity 
from damase by lightning was due to the large number of trees, the numerous 
forests, and the usually heavy rains which precede the thunderstorms. The 
intensity of the lightning flashes was very great, and the interval between the 
flash and the peal of thunder was often as much as 80 seconds, equivalent to a 
distance of 16 miles between the flash and the observer. Tlie flashes were 
not single, and the impression left after observing a flash was that a very large 
number of sparks had passed in succession in the same zigzag path. The rain 
that accompanied these storms was considerable, usually at the rate of about 
haJf-an-inch in half-an-hour, but it was sometimes much heavier. The air 
temperature decreased greatly during the passage of a storm, sinking from, say, 
about 85° down to 65° ; this was of course due to the cold air brou^t down by 
the rain. Hail seldom fell ; but there was a sound in the air when rain commenced 
to fall from high clouds vertically above the observer very much resembling the 
sound of a railway train passing at a distance of about half-a-mile. It was 
curious that the trees on some hiU-sides were more frequently struck than on 
others, and on his own property one part of a particular valley was nearly denuded 
of trees by reason of the frequent lightning strokes with which it had been 
visited. There was a gate-post of masonry too, situated under a tree, which 
had been struck repeatedly, and the stones slightly displaced each time. Cocoa- 
nut trees in exposed positions were often struck, and whenever this was the case 
they were invariably Killed. The copper rod which protected his premises had 
been repeatedly ** struck " by lightning, and on such occasions a slight report was 
heard similar to the sharp crack of a whip, followed by subdued thunder ; thunder 
was loudest when the lightning made earth about a quarter of a mile from the 
observer. The colour of the li^tning seen in Jamaica was usually blue ; it was 
sometimes red, but blue predominated. The sunlight was so intense in the Tropics 
that the lightning sometimes could hardly be seen, as, for instance, when the 
flashes proceeded from the advancing edge of clouds moving across the otherwise 
clear sky ; this, he believed, was the explanation of so-called invisible lightning. 
Mr. Symoms, in reply, said that the large number of persons killed by lightning 
was perhaps due to the fact that almost every accident or case of fatal injury 
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to hanum beings was duly reported in the newspapers, whereas damage to buildings, 
cattle, &c., was not always considered of sufficient importance to place on record. 
It would be very interesting if somebody would extract from the Registrar 
General*s Returns, which now extended over 50 years, the numbers of deaths 
attributed to lightning. The comparatively small amount of damage to telegraph 
apparatus was perhaps partly due to the fact that the fusion of telegraph wires, 
&c., was not deemed of sufficient importance to be always reported, and also it 
must be remembered that the amount of telegraphic apparatus in use in the 
country 30 years ago was much less than that at the present day. He recollected 
one case of a railway station being struck by lightnmg. It was recorded by the 
late M. Melsens, and occurred at Antwerp. He was glad to know that the 
thunderstorms of the past summer had been of an exceptional character, as he had 
been somewhat puzzled to account for the complete absence from his self -recording 
barometer of traces of those extremely sharp oscillations usually rcsgistered 
during the passage of thunderstorms. There seemed little doubt that the large 
number of sheep killed by a stroke of lightning was due to the aggregation of 
the animals together. There was a case in America of great loss of life at a 
fair or large gathering of people under a canvas tent which was struck by 
lightning ; the heated air arising from such a large concourse of people possibly 
affording a path for the lightning, and their beins so closely packed resulted in 
a great loss of life. It was well known that if a man was thorous^hly wet it 
was impossible for the lightning to kill him, and Faraday had shown that it was 
impossible, with all the electrical apparatus at his disposal, to kill a rat whose 
coat was saturated with water. Regarding Mr. Hall's remarks respecting the 
form of lightning, he was of opinion that Q our eyes were sufficiently trained to 
follow the flashes of forked liditning we should see them as a succession of dots 
or sparks of li^ht It was difficult to account for the large amount of damaffe 
done by lightnmg in some districts compared with others. For instance, York- 
shire was a county in which a large amount of damage had been done by lightning 
strokes. Whether this was due to the nature of the soil or any other lociQ 
peculiarity he could not say. It was notorious too that lightning frequently had 
a marked partiality for certain objects, and numerous instances were given in 
the Report of the Lightning Rod Conference of the same buildings being struck 
over and over again, e.g. p. 161, where it is mentioned that Rouen Cathedral was 
struck in 1110, 1117, 1284, 1351, 1625, 1627, 1642, 1768 and 1822. 



NOTES ON THE 

MEETING OF THE INTERNATIONAL METEOROLOGICAL 

COMMITTEE 

AT ZURICH IN SEPTEMBER 1888. 
By ROBERT H. SCOTT, M.A., F.R.S., Foreign Sbcbbtaby. 



[ReoeiYed October 24th.— Read NoYember 2lBt, 1888.] 

The IntematioDal Meteorological Committee was appointed by the Congress 
of Rome in 1879, and it received instmctions inter alia to arrange for the 
convening of another Congress within the space of five years* 

At the successive Meetings of the Committee, at Berne in 1880, Copen- 
hagen 1888, and Paris 1885, the subject of this contemplated Congress was 
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broo^t forward, and on each occasion the opinion was expressed that the 
time had not arrived for such !a meeting. 

Meanwhile a nmnber of questions had been proposed by members of the 
Committee and others, which were considered by the Committee to lie ont- 
gide the commission it had received at Rome. Among the most important 
of these questions was that of the possible augmentation of the number of 
the Committee by the co-option of new members. This, however, had been 
answered on each occasion in the negative, for the simple reason that the 
number 9 having been fixed at Rome, it would be impossible to limit any 
increase of the body without giving serious offence. Some of the applica- 
tions for admission to the Committee came from countries which had done 
little or nothing for our science. 

This was the state of affairs when at Easter last a proposal was made by 
the French authorities to invite a Congress to meet in Paris in 1889, on the 
occasion of the International Exhibition to be held in that year. This 
suggestion was circulated among the members of the Committee, but it did 
not meet with approval, and accordingly it was determined to hold a meeting 
of the Committee in the course of the summer of 1888, in order to discuss 
the question of its own further continuance. 

The meeting was held at Zurich, commencing on September 8rd. Accom- 
modation was provided for it by the Swiss Authorities in the Polytechnic 
Institution, and it was attended by the full Committee. 

The discussions were practically confined to three subjects — 

1. The conditions to be laid down for the publication of data by travellerSi 
&c., so as to ensure their being useful for the advancement of sound clima* 
tological knowledge. 

2. The proposals for Cloud Nomenclature which were laid before this 
Society in February 1887 by Mr. Abercromby and Dr. Hildebrandsson.' 

8, The position of the Committee itself. 

As regards No. 1, which may be considered to have taken its rise from 
the proposals of the Observatory of Bio Janeiro to publish a Climatological 
Dictionary, certain rules were laid down which will commend themselves to 
every person who has ever undertaken any climatological inquiry of any 
character. They are as follows : — 

The Committee was of opinion that, in view of the considerable number of 
reports of Meteorology and Climatology published hj travellers and geographers, 
it would be well to lay down the following rules for printing meteorological means, 
&c., especially those which might be useful for meteorological researches : — 

1. It should be stated what instruments have been used for observing, and 
also their corrections, if known, and the method of exposure. The height of 
the barometer above sea-level should be given, at least with the greatest 
possible exactitude. 

2. Precise information should always be eiven as to the methods employed for 
the calculation of means (on the hours of observation and the formulas used for 
reductions). 

It is further desirable to give the means for the different hours of observation 
(e.g. for temperature, humidity, and atmospheric pressure), to facilitate the re- 
duction to true means, which may be undertaken later on. 

3. In publishing the means for several years, it is very desirable to print the 

1 QuarUrly Journal, Vol. XUI. pp. 148 and 154. 
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separate means for periods of five years (lustra), in aocordanee with the resolu- 
tion of the Congress of Vienna (commencing with the first year of each pentade : 
—1881-5, 1886-90, Ac). 

In this way it would be possible to obtain, with the greatest facility, simul- 
taneous and corresponding mean values, which are indispensable for serious 
investigations on the distribution of meteorological elements, especially with 
regard to temperature and atmospheric pressure. 

The Executive Officers were earnestly requested to publish these rules as soon 
as possible, and in different languages. 

As regards No. 2. The Committee was of opinion that the proposals 
made by the aathors of the papers on cloud classification above-mentioned 
did not commend themselves for immediate adoption, and suggested that 
the subject should be further studied. 

As to subject No. 8, — the position of the Committee, — ^it was resolved 
after mature discussion, to perform the operation of the <' Happy. Despatch,*' 
and the Committee, therefore, dissolved itself by the following resolution : — 

The Committee, considering that the convening of an Intematio^ial Congress 
with the character of the preceding Congresses of Vienna and Rome presents 
great difficulties, feels that its mission is ended, and that it ought to dissolve 
itself. 

Nevertheless, to continue the relations which have been so fruitful for some 
years past among the different meteorological systems, the Committee nominates 
Executive Officers, who will be charged with taking steps for convening at a 
suitable time an international meeting of the representatives of the various 
meteorological services. 

The Committee requests its Executive Officers, viz. Mr. Wild (President) and 
Mr. Scott (Secretary) to accept the position indicated for the new office in the 
preceding resolution. 

According to this resolution. Professor Wild and myself are the sole sur* 
vivors of the Committee, and we are instructed to arrange for a meeting 
in 1890 if possible. 

On the completion of the business, I visited the S&ntis Observatory, at 
the height of 8,215 feet, on the invitation of the Swiss Meteorological 
Commission. The other members of our Committee who joined our party 
were Hofirath Dr. Hann and Professor Mohn. 

We went by train to Appenzell, thence three miles by omnibus to the 
Baths of Weissbad, where we slept, and thence had a seven hours* walk to 
the summit. The ascent was not particularly fatiguing, and much of the 
descent was carried out by glissade on the snow slope. The Observatory is 
on the very summit, which is situated several miles from any considerable 
mass of at all equal elevation, so that the position is very isolated. The 
observations are conducted by a single observer, and his only companions 
are the porter and his wife, the former being a muscular mountaineer, who 
carries up every thing used in the establishment, and is also able to take 
the readings on a pinch. 

I hear that on the Sonnblick, in the Austrian Alps, the observer is even 
more completely cut off from intercourse with his fellow-men. The ap- 
proach to his hermitage is not by a rock path, like that to the Bantis is, at 
least in summer, but involves a walk at all seasons of at least an hour 
across a glacier. 
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ON A 

METHOD OF PHOTOGRAPHING CIRRUS CLOUDS. 

Bt Db. a. bigoenbach. 

(Commnnicaied by B. H. Scott, M.A., F.B.B., Foreign Beoretary.) 



[BeoeiYed Norember 19th.— Bead November 21st, 1888.] 

Obkat difficulty is experienced in obtaining photographs of cirms donds, 
owing to the fact that the blue light of the sky acts with nearly the same 
actinic energy as the white light of the clouds on the sensitive silver salts 
of the plate. 

If any plan coold be devised for dolling this blae light of the sky while 
the light of the clouds was left unaffected, the clouds would stand out from 
the comparatively dark background of the sky in the photographic picture, 
just as they do in the images formed by our eyes. 

The analyser of any polarising apparatus will effect this object. The 
light from the blue sky is partly polarised, and to the largest extent at the 
points which are situated 90° from the sun; the plane of polarisation 
passing through the points looked at, the sun, and the eye of the observer. 
On the other hand, the light coming from a cloud is only polarised to a slight 
extent. 

Let us now take a Nioors prism, and look at a cloud situated 90° frt)m 
the sun. We know that such a prism will allow no light to pass, of which 
the plane of polarisation does not contain the longer diagonal of the terminal 
face of the prism. 

Now, if we turn this longer diagonal of the prism towards the sun the 
doud will appear, as it does to the eye, bright in a bright sky. If now 
the Nicol prism be turned through 90°, so that its shorter diagonal points 
to the sun, the sky light will be darkened in a very striking manner, and all 
the filaments of the cloud will come out with greatly enhanced sharpness. 

For a Nicol's prism we may substitute a dark mirror, or painter's mirror, 
or, best of all, a plate of obsidian. If such a plate be held so that the plane 
which passes through the cloud, its reflected image and the eye, is normal 
to the line from the observer to the sun, the mirror extinguishes the po- 
larised light from the sky almost completely, and the reflected image of the 
cloud comes out sharp on a dark background. If, then, such an obsidian 
plate be fixed before the lens of a photographic camera, so that its plane is 
inclined at an angle of 83° to the optical axis of the lens, and the camera 
be placed so that the sun*s rays shine perpendicularly on one of its sides, 
we then turn the whole apparatus round the direction in which the sun lies, 
as an axis, until a cirrus cloud is visible in the camera. If now a sensi- 
tised plate be inserted, a picture of the cloud can be produced under the 
most &yourable conditions possible. 



k 
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A still simpler mode of obtaining such clond pictures is to use the surface 
of a lake as a polarising mirror. The best clouds for such a purpose are 
those at sunrise or sunset, at an altitude of about 87°, and in an azimuth 
either greater or less than that of the sun by 90°. 

I have the pleasure of exhibiting to the Boyal Meteorological Society a 
photograph taken in August 1888, soon afber sunrise, on the Lake of Samen, 
looking southwards. Dr. Burckhardt, who took the photograph, has kindly 
allowed me to use the picture. 

The clouds are especially clear in the reflection; but the coast lines also 
come out with unusual distinctness, much clearer than in the direct view, 
owing to the extinction of the sky light. 



NOTE ON THE 

PROLONGED SPELL OF COLD WEATHER from 
SEPTEMBER 1887 to OCTOBER 1888. 

By CHARLES HARDING, F.R.Met.Soc. 



[Bead December 19th, 1888.] 

At the meeting of the Society held in June of the present year, I com- 
nmnicated a paper on " The Gold Period from September 1887 to May 
1888."* The spell of cold was, however, protracted till long after the 
period then dealt with, continuing indeed throughout the whole of the fol- 
lowing summer, and embracing also a very large portion of the recent 
autumn. The persistent continuance of the cold weather was so exceptional, 
that probably the present <' Note," which forms really an Appendix to my 
former paper, will not be without interest to the Society. 

The former paper contained a brief history of the weather for the several 
months, September 1887 to May 1888, and the following will give similar 
details for each month from June to October 1888. 

June was cold and unseasonable throughout, with the exception of one or 
two isolated days, and the mean for the month, considering the British 
Islands as a whole, was about a degree below the means for the correspond- 
ing period in either 1879 or 1886, which were abnormally cold. At the 
commencement of the month a good deal of snow fell in parts of Scotland, 
and exceptionally low temperatures for June were experienced in the northern 
parts of the country, the shade thermometers fEdling below the freezing 

^ Quarterly Journal, Vol. XIV. p. 270. 
raw BKBIS8. — ^YOL. IV. B 
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point. In London the temperature on fonr consecntive days, from the 17th 
to 20th, did not exceed 55^» whereas in the previons six years there were in 
all daring June only two days on which this temperature was not reached. 
The type of weather during the month was cyclonic, and very favourahle to 
the development of thunderstorms, which were experienced with more than 
usual frequency, and the numerous disturbances which reached this country 
from off the Atlantic caused much cloud and heavy rain. 

July was dull, cold and wet over the entire Kingdom. Not a single day 
of really summer weather was experienced throughout the month, and ground 
frosts occurred nearly everywhere. Falls of snow were reported on the 
11th from places widely separated, and from as far south as the Isle of Wight, 
whilst at the close of the month largo tracts of land in different parts of 
England were under water, and parts of London were suffering materially 
from flood caused by the excessive rains. In London the mean temperature 
for the month was 59^, which is 4° below the average and 7° below the mean 
for July in 1887. The defect of temperature was due to the very low day 
readings, the mean maxima being 12P below those of 1887, whilst the minima 
or night temperatures were only 8^ colder. The absolute maximum at 
Greenwich was 74^, and the records from 1841 fail to show a July without a 
higher temperature. In the southern suburbs of London the thermometer 
did not exceed 72° throughout the month. The observations for the last 75 
years only give two instances of so low a daily moan as that recorded on the 
11th, and there is no similar instance on record of two consecutive days as 
cold as the 11th and 12th, the mean being 49°, which is colder than the two 
days ending March 10th, and colder by 4° than the mean for the three days, 
December 4th to 6th, 1888. At Greenwich the total rainfall for the month 
was 7*09 ins., which is 1*20 in. in excess of the largest previous fall on 
record for the corresponding month. At Berkhamsted, in Hertfordshire, well 
clear from the London smoke, the average sunshine for each day in July was 
2 hours 40 minutes, the sun being above the horizon for about 16 hours. 

August was dull and cheerless, almost without interruption throughout 
the month, and the mean temperature was 2° or 8° below the average over the 
whole of the United Kingdom. Heavy thunderstorms occurred at the com- 
mencement of the month, and at Ingatestone, in Essex, the rainfall for the 
24 hours ending 9 a.m. on the 2nd was 8*20 ins. Warm weather was ex- 
perienced from the 7th to 10th, which were the only four days of seasonable 
weather experienced during the month. 

September was generally bright and dry, but yet the temperature for the 
month was everywhere below the average, the deficiency ranging from 1° in 
the East of Scotland and in the South of England to 8^ in the Midland 
Counties and in the North-west of England. 

October commenced with very cold and unsettled weather, sleet and snow 
falling at many of the northern stations. The mean temperature for the 
week ending the 8th was as much as 12^ below the average in the East of 
England and 11° in the Midland Counties and in the South of England; 
whilst in Scotland and Ireland, which were the warmest parts of the kingdom. 



UABDINQ THE COLD WEATHER FROM SEPTKMBEB 1887 TO OCTOBER 1888. 19 

tho temperature was 6^ or 7° below the average. In London the shade 
thermometer fell to the freezing point or below on six consecutive nights, 
from the 5th to 10th, a spell of cold altogether without precedent so early 
in the month. The Greenwich observations from 1841 only show four years 
with frost during the first ten days of the month ; these occurred respectively 
in 1849, 1658, 1867, and 1877, and there is no previous instance of more 
than two consecutive frosty nights so early in the month. Warm weather 
set in towards the close of the month, but the mean temperature was below 
the average over the whole of England, the deficiency ranging from 1^ to 5°. 
Table I. shows the number of degrees of excess or defect of temperature 
for each week, and is in continuation of a similar Table given in the former 
paper, the values being thus shown for each of the 59 weeks and for each of 
the 12 districts into which the United Kingdom is divided. In this Table, as 
well as in the one given with the former paper, the deficiency of tempera- 
ture very largely prevails over the excess. 

TABLE I. 

DiFFEBENCB OF MXAM TEMPERATURE FOB EACH WeEK FROM THE AVERAOE OF 20 YEARS, 

1861-1880. ' 



Week 
ending 


Scotland, 
North. 


Scothmd, 
East. 


England, 
rorth-East. 


England, 
East. 


Midland 
Counties. 


England, 
South. 


Scotland, 
West. 


England, 
orth-West. 


England, 
outh-West. 


Ireland, 
North. 


Ireland, 
South. 


Channel 
Islands. 













. 


. 


. 


. 


. 


OQ 












1888. 


May 21 


+2 


+3 


+3 


+ 3 


+ 2 


+ 2 


+2 


+2 


— I 








— I 


28 


— 2 


— 2 


—4 


— 4 


— 2 


— 2 


— 2 








+2 


+2 


— I 


Jane 4 


—7 


—7 


—3 


+ 2 





+ I 


—5 


—4 





—4 








II 


—3 


—4 


—3 


— I 


— 2 


— 2 


— 2 


—3 


—2 


—3 


— 2 


— I 


18 


—2 


— I 


—4 


— 5 


— 6 


— 5 


—2 


—4 


—4 


—3 


—2 


—3 


, *5 


— 2 


—3 


—6 


— 3 


— 3 


— I 


+2 


—I 


— I 


+1 


+1 


—2 


July 2 


—I 


—3 


—5 


4 


— 3 


— 3 





— 2 


—3 


— 2 


— I 


—2 


9 


— 6 


—6 


— 6 


— 5 


— 5 


— 4 


—4 


—5 


—3 


—4 


—3 


—2 


16 


—4 


—4 


—8 


— 7 


— 7 


— 6 


—4 


~6 


-5 


—5 


—4 


—5 


23 





— I 


—I 


— 2 


— I 


— 2 


+1 


—I 


—2 


— I 


— 2 


—3 


30 


—4 


—4 


—4 


— 4 


— 5 


— 2 


— 2 


—4 


—4 


—4 


—3 


— 2 


Aug. 6 


—4 


—5 


— 6 


— 7 


— 6 


7 5 


5 


—6 


—5 


—5 


—4 


—4 


13 


— 2 





+1 


+ 3 


+ 2 


+ 2 





. 





— I 


+1 





20 


—5 


—5 




— 8 


— 7 


— 6 


—4 


—6 


—6 


—3 


—4 


—3 


27 


+2 


+2 


+« 


— I 


— I 


— I 


+2 


— I 





+1 


+1 





Sept. 3 


— I 


— I 


— 2 


— 4 


— 5 


- 3 


— 2 


—3 


—4 


—3 


—2 


•^2 


ID 


—3 


—3 


— 2 


— 3 


— 4 


— 3 


—2 


—3 


—4 


—3 


-3 


—3 


17 


+1 


+1 


— I 


— I 


— 2 


— I 





— I 


— I 





— 2 


— I 


H 


+2 


+2 


—2 


+ 1 


— I 


+ 2 


— I 


— I 





— I 


—3 


+1 


Oct. I 


—6 


—5 


—4 


— 3 


— 3 


— I 


—4 


—4 


— I 


— 2 


— I 


— I 


8 


—7 


—6 


—9 


—12 


— II 


—II 


—7 


—9 


—9 


—6 


—7 


—7 


15 


— 2 


+ 1 


— 2 


- 5 


— 5 


— 6 


— 2 


—3 


—5 


— 2 


—4 


—4 


22 


+2 


+3 


— I 


— 5 


— 4 


3 


+2 


— I 


-I 1 +2 


+2 


— 2 



From this Table, and the companion Table in my former paper, it will be 
seen that in the South-west of England there was not a single warm week 
between March 12th and October 22nd, a period of 82 weeks, and during the 
same period there was only one warm week in the North-west of England 
and the Channel Islands. There were but four warm weeks durmg the whole 
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period of 14 months in Uie North-wert of England, and only 6 and 6 warm 
weekB r«epeetively in the Sonth-weat of England and in the Channel lalandE. 
There was no part of England or Ireland with more than ten warm weeks, 
and thore were not more than six weeks in which warm weather was at all - 
general over the United Kingdom. 

The records of offectivo and non-effective temporatora for vegetable growth 
which are given by the Meteorological Office in the Weeklif Weather Report 
afford a very easy means of obtaining the occomulative temperature for any 
long period, and the reanlt obtained by algebraically adding the day-degrees 
above and below 42° give a standard of comparison which is readily con- 
vertible to actual mean temperature. In my former paper a similar table to 
the following was given for a period of 86 weeks, bat this has been recast, 
BO as to embody the additional period here dealt with. 

In Table n. each difference of 400 day-degrees for the period represents 
about 1° in the difference of mean temperature. For example, in the Sonlh 
of England the difference between 8829 in 1883-4 and 2188 in 1887-8 is 
1646, or a difference of 4° in the moan temperature of the entire period. 



TABLE n. 
! 42° FiQftBMasri r< 



D WSEX or OCTOUIB ni THB 



TSUI DDBISO 



Tears. 


■a . 


1| 


11 


¥ 


11 


|l 


V 


11 


5 


11 


11 


11 

S3 


■3 

■c " 


1878-79 


"s^ 


logg : i^Sg 


igi4 


r8io" 


1376 


1625 


1822 


2970 


28^ 


15.4 


3597 


2072 




1S4, 


2220 2265 


2557 


1516^3™ 


2fi28 




3735 


2803 


3440 


3890 


2810 




689 


1253 


,,«6 


^378 


1104 1 196* 


1722 


1170 


3203 


2097 


2812 


4022 


1275 


1881-82 


1105 


2610 


1,88 


307. 


»986 1 3593 


2878 1 3033 


3635 


2906 


35^8 


4354 


3.26 


1882-83 




1833 


"37 


2646 


'5.3 '3^75 


2274 2388 


3 '84 


2290 


2876 


39^8 


2588 


.883-84 


\*,ls 


2430 


1827 


33^6 


32.^13829 


2846 3145 


378. 


1952 


362+ 


4479 


3>82 


.884-85 




1 868 


2309 


2601 


2306 3"2 


2090 2415 


3029 


2359 


2877 


3733 


2519 


i885-8e 


.073 


i64< 


1990 


2444 


2366 1 3044 


1888 1 2231 


292a 


1241 


zS66 


3909 


"385 


1886-87 


1490 2000 


3177 


I445 


2361 2971 


2288 2469 


31^ 


2667 


3'34 


4077 


2606 


1887-88 672 1 1044 


'349 1 1747 


1572 , 218J 


1591,1797' 2267 


.971 


2472 


3324 


1S3Z 


M™!i3o6|i7wI ^'^0:2513 


2405 1 3056 


liBj' 244a 13:83 


yji 


3oj4r393' 


2540 


DepaTture from Mean of 10 yeaiB, 1878-g to 1S87-S. 


.878-79 


-473 


-704 


-Jj, 


-599 -SQ5 


—680 


-55B 


^„ 


-2,3 


+3^6 
-I-291 


-5.J 


—334 


-468 


.879-80 


+535 


-H^. 


+■45 


+ 44+". 


+ 44 


+445 


+284 


+55' 


+4.6 


— 41 


4-270 


1S80-81 


-617 


-546 


-334 


-13s -201 


— 94 


-461 


—272 




— 4'5 




+ 9. 
+423 


-265 


1881-82 


+799 


-1-811 


+668 


+558 +581 


+537 


n 


+6!, 


■452 


+394 


+5^ 


+5S6 


1882-83 


+ 104 


- 34 


+ "7 


+ .33 +'"8 
+8 '3 +807 


4-2.9 

+773 


K 






—148 


— 3 


+ 48 


1883-84 


+4" 


-■63. 


+707 


+663 




+440 


4^oo 


+54B 


-1-642 


1884-85 


-85 


4- 69 


+.89 


+ 88+10. 


+■66 


— 93 


— 27 


—'54 


—■53 


—147 


-19S 




1885-86 


-»33 


-158 


-.3. 


— 69—39 




-295 




-235 


-a?! 


-158 




—"55 


1886-87 


+.84 


+201 


+ 3; 


-6S-44 


-8s 


+.05 


+'27 


-89 


+.55 


+J10 


+.46 


-1-66 


1887-88 


-534 


—755 


-771-766-833 


-873 


-59s 


-645 


-916 


-54. 


-33.-.', 


-708 
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The data for this oompariaon are only available for 10 years, and it will 
be seen that the cold period which ended last October ia very coneiderably in 
excess, that is, the day-degrees above 42° are in defect of any previoos 
aimilar period ; and thie ie pecnliar to all districts with the single exception 
of Scotland North. 

Ia Table 11. there is neeeflsarily a certun amonnt of overlapping in the 
formation of each period, the results &om September to the third week in 
October being repeated in each sncceBsive grouping; for the object in view 
this, however, does not in any way vitiate the concluBione arrived at. 

In the following campariBon the duplication of observatioaB has, however, 
been avoided, and the results are worked for the complete years only. 



MxiH TiimcBATtrBB n 



TABLE m. 

2 HONTBS IMfDia Sbmxkbib k 
1867 TO 1S88. 









«i 


■3 


■a g ra . 


■^ . 


.I.1L, 


II 




4 


P 


h 


1" 

^ 


¥ 


H 9| 

— !— 


II 






II 


|| 


'11 


IBS, 


4r9 


46-8 


466 


491 


487|49'5 
5O7|50'6 


8-0 


487 


5''3 


,m 


49-8 




4§7 


1S68 


*ri 


48-9 


486 


500 


49-4 




52-2 


496 


51*2 




499 


.S69 


+6-0 


47'3 


47'6 


49'3 


49*4l49"9 


48'5 


48-9 


52-0 


494 


50-7 




49-0 


.8,0 


46-a 


47-4 


4&9 


48-< 


49'o:48-g 


4r9 


48-7 


51-0 


493 


50-2 




48-5 


18,, 


457 


45'9 


4&< 


47-6 


48-2 48'4 


47'2 


47*7 


50*5 


48'Z 


49-6 




47*7 


■8,. 


46-3 


47-2 


47'4 


48'9 


49*<'494 


48'3 


49'' 


Si-o 


48-5 


go-o 




48-6 


.8,3 


45'g 


467 


47' ' 


48-1 


48'4 49-i 


480 


48-3 


30-5 


47*8 


49*1 




48-1 


,8,4 


47'o 


47'B 


43-3 


490 


49'349-9 


48-91 49'2 


51-6 


48-9 


51-2 




49-a 


,8,5 


46'3 


468 


47-2 


48' 1 


48'3 


49' I 


47'6l48'3 


507 


48s 


50-9 




48-3 


,8,a 


46'o 


t^ 


47-4 


48'3 


48'5 


49-0 


♦7-6 48-1 


50'4 


47'3 


502 




48-2 


,8n 


43'4 


46-2 


47'4 


49'2 


489 


50-1 


47-4! 48'4 


511 


47*9 


507 




48-4 


,8,8 


466 


48' 1 


48-8 


49-8 


SO-i 


507 


495 


jo-i 


52-1 


49*6 


517 




.^8 


1879 


43'4 


437 


44-g 


46-1 


46'o 


47'^ 


45-3 


45-8 


48-2 


45-8 


47*7 


49"8 


462 


1880 


46s 


47'l 


47-2 


47-8 


477 


49'o 


482 


482 


SO-6 


48-6 


50-3 


50-8 


4e's 


,88, 


■431 


45-2 


460 


477 


47'3 


49' I 


4S'8 


47*1 


49*4 


47-0 


485 


50*9 


47'3 


,882 


467 


48-0 


485 


491 


48-8 


50'3 


4S7 


49-2 


S06 


49-1 


50-3 


5'*7 


49*3 


,8«3 


45- ■ 


462 


47"4 


47-8 


48'0497 


47"' 


48-. 


49*5 


47"5 


489 


5''5 


48-1 


.884 


461 


47'8 


487 


499 


49-651-1 


48-8 


49*4 


507 


49-p 


5o'5 


52-6 


49-5 


■88s 


4S" 


46'i 


47"' 


47-8 


47"649'4 


466 


47*3 


49-0 


47*3 


48-e 


51-0 


477 


1886 


440 


45'4 


46-2 


47'a 


47-048'6 


460 


457 


48*5 


46-9 


48-5 


50-9 


47-2 


■ 88, 


460 


47'3 


46-9 


48-0 


47"9'49'i 




48-1 


49-5 48-6 


50-0 


517 


48-4 


,888 


43'4 




45*1.46"' 


45-8 47' I 


4S6 


46-1 


47-2 46-6 


47-8 


497 


462 


Ueu 


i57 


467 


47-2! 43-3 


484 49-3 


47*6 


48-3 


50-41 48-2 


49-8 




48-3 



Table IIL represents the mean temperatnre for the 12 districts of the 
British Islands, as weU as for the whole area, for the 12 months from 
October to the following September. It shows that the mean for the year 
ending September 1886 is eiceptionally low, and there is but one other year 
dnring the whole period which is equally as cold, the moans for the yeara 
ending September 1879 and 1688 bemg both 46°-2. The next lowest is 
that for 1686, when the mean was 47^-2. The highest mean for the whole 
of the British Islands ia 49°-9 in 1866, and the means for 1874, 1882 and 
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1884 were all nearly equally as high. In England NE, Midland GountieB, 
England S, England NW, England BW, and Ireland S, the year ending 
September 1888 was the coldest of any year during the past 22. It is 
somewhat interesting to learn how closely the means for the several years 
agree, taking the British Islands as a whole, but yet the maximum difference 
of 8^*7 is very large when it is considered how long a time this difference 
is spread over. The largest difference in any district is 5°, which occurs 
between the years 1868 and 1888 in both the Midland Counties and Eng^d 
SW. 

When dealing with the former period, the Greenwich records were examined 
for a statement of the actual number of days on which the temperature was 
below the average for 20 years ; the results there given are here repeated, so 
as to complete the period of 14 months, and the following shows the days of 
excess or defect for the respective months: — 

Total 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept Oct. 14 

Months. 

Days with \ 

iemp.aboye} i 3 12 11 14 7 9 8 13 11 o 7 11 7 115 
the mean. ) 

Ditto ) 

below V 28 26 18 20 17 22 22 22 18 19 31 24 19 24 312 
the mean. 1 



l?his shows that the temperature was below the average for 73 per cent, of 
the total number of days. The longest periods of continuously low tempera- 
ture were:— 1887, September 7th to October 7th, 81 days; 1888, February 
11th to March 5th, 24 days ; June 27th to August 6th, 41 days ; and September 
80th to October 24th, 25 days* 

Mr. Mawley has supplied further details showing the departure from 
average of the past 42 years in the temperature of the soil, at 8 feet below 
the surface at Greenwich, for the 6 months May to October 1888, so that 
Ifith the materials previously furnished the means are now complete for the 
14 months* 

1888.— May. June. July. Aug. Sept. Got. 

-0°-8 -0°-7 -8°0 -2°1 -l°-4 -2°-9 

June was the coldest for 8 years ; July the coldest of any during the 42 
years, with the exception of 1879 ; August the coldest for 22 years ; and 
October, the coldest of any during the 42 years, and the coldest on record. 

The spell of cold weather here dealt with, long as it may seem, might 
fairly have embraced also the month of August 1887, when the mean tem- 
perature was below the average over nearly the entire kingdom, so that in 
reality there have been 15 consecutive months with a low mean temperature. 

In conclusion, I would acknowledge the assistance derived from the Weekly 
Weather Reports published by the Meteorological Office, since it is from 
these and their Appendices that most of the facts referred to have been ob- 
tained. 




i>ISCUBSIOK — TMB cold WEATBEB ^BOM aEPTEMBBB 188? TO OdTOBBB 1S88. 28 



DISCUSSION. 

The President (Dr. Marcet) said that the subject of this paper was one which 
was interesting to every one. He was surprised to learn that so many as 73 
per cent, of the days embraced in the 59 weeks were below the average. It 
would be extremely interesting if the cause of this persistent low temperature 
could be discovered. He thought it possible that the general dampness of the 
air had bad something to do with it, the presence of so much vapour in the 
atmosphere causing a reduction of temperature. 

Mr. Tripp inquired whether Mr. Harding knew what the air temperature in 
other parts of the world was during this period. He had found in the course of 
some rainfall investigations which he was making, that it frequently happened 
that when one part of the world was excessively wet another part was exces- 
sively dry, and he thought it possible that similar extremes of air temperature 
might prevail, a defect of temperature in one part being counterbalanced by an 
excess in another. 

Mr. Mawley said that in considering this paper one could not help recalling 
the same seasons in 1878-9. Indeed, taking the whole fourteen months, the mean 
temperature at Greenwich was then only 0^*2 higher than during the same period 
in 1887-8. At Berkhamsted the cold at the beginning of October was this year 
remarkably severe, and did great damage to vegetation. The first two frosts of 
the month, although keen for the season, did not do the slightest injury even to 
the young shoots and blossoms of the dahlias. But then these were dry frosts. 
On the night, however, of the 2nd-3rd, when the temperature in the screen fell 
to 23^*3, and that on the grass to 20°*0, all the dahlias were completely killed, 
while a large walnut tree growing near them had every leaf destroyed and every 
walnut on it frozen through. The damage done on this ni^ht to the foliage of 
trees was not confined to the lower parts of the valley, in which the town of Berk- 
hamsted is situated but could be clearly traced all the way up the sides of the 
hills on either side of it. Among the trees and plants wiuch had their foliage 
entirely destroyed might be mentioned Acacias (Robinias), Walnuts, Syringas, 
Keswick Codlin Apples, and Virginia Creepers, and at the bottom of the valley, 
Limes and Horse-chestnuts ; while Sycamores, Nut trees. Hornbeams, and Blen- 
heim Orange-apples suffered severely. The deciduous trees which were least 
injured were Beeches and Oaks. He considered there were several causes besides 
the low temperature which conspired to make this frost such a destructive one. 
(1,) It was a damp frost, the air at 9 p.m. (2nd) being saturated with moisture ; 
besides which the leaves of fdl plants and trees were at the time wet with the 
rain and sleet that had fallen during the afternoon. (2.) Again, it was not an 
ordinary radiation frost, but one in which the entire valley was filled with an 
almost uniformly cold atmosphere ; so that the upper and lower surfaces of the 
foliage were alike affected. (3.) The length of time the frost lasted, the tem- 
perature of the air remaining below the freezing-point for about 12 hours. (4.) 
Owing to the cold, dull and wet summer the new growths on most trees were not 
nearly so well ripened as is usual at this season. (5.) The minimum temperature 
was registered at 7 a.m. on the 3rd, and at 8.30 a.m. the sun was shining brightly 
and continued to do so for some hours. And, as gardeners know only too well, 
there is scarcely anjrthing so trying to plants as to be exposed to the direct action 
of the sun when their foliage is in a frozen condition. Between 8 a.m. and noon 
the shade temperature rose no less than 29^. 

Mr. Baldwin Latham said that the remarkable temperature at the beginning 
of the present month had caused him to refer back in his registers and make 
comparisons, and he had found that the temperature registered on the 11th July 
last was 6° lower than that for the 5tli December. It was most curious that 
while in the southern districts of England the rainfall had been greater than 
usual, those parts of the country which were usually wet had been comparatively 
dry. For instance, at Liverpool and throughout Lancashire the rainfall had 
been much less than usual ; indeed Liverpool and the district round nearly ran 
short of water. As bearing upon this question he mentioned the fact that the 
number of extensions of time for the completion of contracts on account of 
inclement weather were four times greater in the southern districts than those in 
the northern. It was not easy to see how such varying conditions of weather in 
different places at the same time could be the result of any general law. 
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Dr. Tripe said that the low temperature was due to a great extent to the 
absence of sunshine. It was rather singular that health had been so good, con- 
sidering the unseasonable character of tne weather and the great changes fiom 
day to dskj. He believed it was probable that something like 60,000 fewer 
deaths had occurred during this year than last. There was little doubt that the 
cold had been in part caused by the moist atmosphere. Dry burning heat was 
prejudicial to health, especially to young children and old people, and it was, 
perhaps, owing to the absence of dry heat that the year had been so healthy. 

Mr. Harries remarked that it was marvellous that the harvest had turned out 
so well, seeing that the accumulated temperature was so greatly in defect, the 
difference of 1646 da^-degrees between 1884 and 1888 in no way representing 
the difference either in the quantity or the quality of the harvests of the two 
years. 

Mr. Ellis wished to testify to the interest attaching to this paper, as indeed 
to all papers prepared by Mr. Harding, who, having ready means of dealing with 
the meteorology of the whole United Kingdom, was able to discuss meteorolo- 
gical questions on a broad basis, instead of considering the records of an isolated 
station or district only. Referring to the long-continued cold, he remarked that, 
beginning with December 1886 and ending with October 1888, the monthly mean 
temperature at Greenwich had been continuously below the average, excepting in 
the three months of June, July and August 1887, that is in 20 out of 23 con- 
secutive months, being in some months very much below. With November 
came a change, this month having been warm. The months of July of 1887 and 
1888 were in every way in very unusual contrast, the temperature of the former 
month being much in excess of the average, and that of the latter about as much 
in defect ; the former month had little rain and cloud and an unusual amount of 
sunshine, whilst the latter was remarkable for much rain and cloud and very 
little sunshine. These circumstances of course go in a certain sense together, 
but not often in so extreme a degree. Another instance of strong con&ast in 
temperature is that between the recent months of October and November, the 
mean temperature of October having been 46°*0, and that of November 47®0, 
actually l^K) higher, although, on the average, the fall of temperature from 
October to November is 8**-3. 

^ Mr. C. Harding, in replv, said he believed that the explanation of the con- 
tinued cold was to be f ouna in the relative distribution of pressure over North- 
western Europe. For the last two years there had been a marked <^ence of 
great cyclonic disturbances over these islands. The whole distribution of pres- 
sure seemed to have been pushed southwards ; for while in the British Isles we 
experienced a very bad summer this year, in Norway it had been exceptionally 
fine, and yet ships going round the North Cape found the ice to be further south- 
wards than usual. Synchronous charts over a very large area, embracing the 
whole of the North Atlantic, were required to examine these conditions. Th^ 
protracted cold experienced in the British Isles was due to cyclonic conditions 
prevailing in the summer and anticyclonic in Uie winter, a reversal of the normal 
conditions. 
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REPORT ON THE 

PHENOLOGICAL OBSERVATIONS 

FOR 1888. 

Bt the Rev. T. A. PRESTON, M.A., F.R.Mbt.Soo. 



[Beoeiyed Noyember 22nd.— Bead December 2l8t, 1888.] 

I HAVE endeavoured in this Report to comply with the suggestions which 
have heen made with regard to my previous Reports, hut have heen met hy a 
difficulty which I had not appreciated before, and which, in fact, could not.be 
estimated until after some years' experience, and that is, the irregularity 
of observers, and what I have hitherto called the "personal equation." 
Though we have had no less than 128 observers, more than half of them gave 
up after 1, 2, or 8 years' work; a very large proportion of the remainder 
declined to send specimens, and their returns were often too doubtful to bo 
of any value ; and of those whose observations were available, many were in 
the South of England and none really in the Northern counties. 

Again, after selecting the Stations, I found that, however I might vary the 
plants to be selected, I could not go further back than 6 out of the 14 years 
(including the present year) during which the observations have been continued ; 
and moreover that I could only go as far as July in each year, the records 
for the other months being too incomplete. 

Without, therefore, entering into details about each particular plant or 
station, I may say that I have been reluctantly compelled to omit some, which 
would otherwise have been very desirable, and to admit others which I would 
have been equally glad to discards 

I have given in Table I. the returns from those Stations where a fair 
number of observations have been taken during the year. The records from 
all the Stations have been entered in a MS. book for easy reference. 

In order to reduce the number of Stations, I have selected one or two in 
each of the districts of the Meteorological Office where available, as follows : — 

(0). \ (6). Tynron. 

(1). I None. (7). Macclesfield. 

(2). / (8). Babbacombe and Wells. 

(8). Tacolneston. (9). None. 

(4). Oxford and Hodsock. (10). Wicklow. 

(5). Salisbury and Marlborough. (11). Guernsey. 

I could have wished to retain Northampton, Croydon, and Westward Ho^ 
but they would have made three Stations in a district. 

The reduction of the number of the species to be observed has been a very 
difficult matter; of course all those species about which errors had been 
frequent were at once cut out. Taking those particular species which had 
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been selected for oareM obBerration, I found that the records of moat of 
them were too imperfect ; and it was only alter mnch detailed work that I 
selected those (^ven below. Here, agfun, I have had to out ont many which 
I shonld have preferred to retain. 
The plants selected are : — 
For Jannary. Can/lua AveUana (Hazel). 
„ February. Hanunculua Ficaria (Pilewort), and Tiuailago Farfara 

(Coltsfoot). 
,, March. Colt&a pa2u<(m (Marsh Marigold), and Neptta Gleehama 

(Qronnd Ivy). 
„ April. Cardamins prateruit (Caokoo -flower), and Veronica 

Chamadryg (Germander Speedwell). 
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ForUaj. £?«niMum A)6tfrtianu»t (Herb Robert), and Cratagia 

OxyacajUha (Hawthorn). 
„ June. Rosa Canina (Dog Boee), and Vida Cracca (Tnfled Vatcb). 

„ Jnly. Oaiivm verum (Yellow Bedstraw). 

In Table m. I have given the average date of flowering in eaoh diBtrict, 
the average aooomnlated temperatore above and below 42?, the average 
rainfoll, and the average duration of ennshine for Uie nx years 1888-88, and 
also the means for the five years 1888-87. 

Backward as the seasona of 1886 and 1887 were, that of 1888 was very 
nrneh more to. The only montii in which t^e amoont of aocamalated tern- 
penttim above 42° was above the mean was May, and even then m>t in the 
ItlW nUU.— VOL. XT. 
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1 Hatohlog. 

South of England ; the deficiency was considerable in February, March, 
April, and Jane, and enormonalj bo in Jul;. The amount of accomnlated 
temperatnre below 42° was generally above the mean, espeoiallj in February ; 
in Bome diBtricts it was slightly below the mean is January, April, and Kay. 
Bonshine was Blightly above the mean in Jannary, bat for below it in Uarchi 
Jane and July ; and whilst Jannary and Febmary were dry, March was wet, 
and Juno and July especially bo. 

Under these circamstances vegotation was generally backward throoghont 
the Beaaon, In the Boatb-west of England and Sontb of Ireland plants were 
earlier than usual, but not elsewbere. In February they were from one to 
fottr weeks later, and gradually gained ground till June. In the South of 
Ireland they were slightly in advance of the averse in June and July ; in 
Uie Bouth-west of England they just reached the average in July, whilat in 
Quemsey they were a fortnight later. 

FraitB generally were a failure ; very few really ripened, and from want of 
son were deficient in flavour. Haymaking was onuBually late (as maoh as 
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five weeks) ; it began in July or Aagnst, and was not entirely finished till late 
in September ; mach of the hay was spoilt or secured in poor condition. Straw 
was plentiful, and though the corn was not an average crop, the fine October 
enabled farmers to secure a better harvest than could have been expected. 
Roots were often a failure, and potatoes were much diseased. 



DISCUSSION. 

The Pbesident (Dr. Marcet) said that this report came most opportunely 
after Mr. Harding's paper, as it served to illustrate the effect of the persistent 
cold on vegetation. 

Mr. Baldwin Latham said it was most remarkable that, despite the sharp 
frosts recently experienced, a large number of plants in the southern suburbs of 
London were then in flower. The ground temperature was much higher at the 
present time than was usually the case, and if it continued high there was every 
prospect of an early spring. 

Mr. Mawley said that he regarded these Phonological Reports as both valuable 
and interesting, and regretted that the author had this year sent in such a very 
short one. From a horticulturist's point of view, last summer was a very dis- 
appointing one, being so short, cold, wet and sunless. It was surprising ' to see 
primroses and other spring-flowering plants blossoming so freely until quite 
recently. No doubt the cool wet summer had kept them growing, and the mild 
weather experienced during the last month had caused them to come thus pre- 
maturely into flower. 



A WINTER'S WEATHER IN MA880WAH. 

By Capt. DAVID WILSON-BARKER, F.R.Met.Soc, F.R.G.S. 



[Beoeived November 8rd— Bead December 19th, 1888.] 

StJiofABiSBD results of a series of good observations taken during any con- 
secutive time at a place where no regular observations have hitherto been 
made are yaloable, as from a collection of such results taken by several 
obsOTVers an approximate notion may be formed as to the climate of the place. 
In the following paper I shall endeavour to give such a result, reduced from 
observations taken during the months of December 1887, January and 
February 1888 ; and although the paper must necessarily be statistical, yet 
I hope it may be of some use and interest, as it is under but few circum- 
stances that such a series of observations — taken as they were day and night 
at regular intervals of two and four hours — can be placed before the Society. 
Again, the stability of the weather in places situated as Massowah is, warrants 
the preparation of a paper of this description, as the yearly difierenoes are 
eomparatiyely slight and observations for one season are likely to give a fairly 
good approximation for the same season at another time. The paper will 
also give some idea of the weather in a district of which we have heard a 
good deal lately in connection with the Italian Expedition there. It will first 
be neeessary to give a short description of the place of observation and its 
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snrroondiugs, as upon these the relative valae of the obseryations so much 
depends. 

Massowah is situated in latitude W 87' T N, longitude 89^ 27' E, and is 
therefore well within the tropics, and is on the western edge of the Bed Sea, 
up and down which a monsoonal North or South wind continually blows. On 
its North, East and South-east is the sea, to the North-west and West 
stretches a barren sandy plain bounded by rocky hills and mountains, while 
on the West, South-west and South lies the rocky mountain table land of 
Abyssinia. The ship on which these observations were taken was moored in 
lerrar Bay — one of the two indentations which form the harbour of Massowah 
— ^a small inlet, just large enough to hold the ship, and situated half a mile 
from the sea. For a distance of three miles the plain all round is level and 
almost barren, and at that distance to the Westward are the first hills by the 
village of Makullo, from thence inland there are a succession of hills rising 
in altitude from 500 feet at Makullo till the mountain ranges of Abyssinia 
are reached, attaining there an altitude of 10,000 feet. For a more detailed 
description I would refer to a short paper in Science Gossip, of October 1888. 

The position of the instruments on board the ship was fixed on after a 
good deal of consideration, nor do I think a better position could have been 
found. The instruments were of the usual form supplied for use at sea, and, 
with the exception of the anemometer, rain-gauge and spectroscope, were lent 
by the Meteorological Office, which is a sufficient guarantee of their accuracy ; 
all corrections are applied excepting only that for gravity in the barometer, 
which I think better omitted at the present time. From 6 a.m. to 10 p.m. 
the observations (with a few exceptions) were taken by myself; for the night 
observations I am indebted to the able assistance of my second and third 
officers, Messrs; Lever and Boothby. In treating the observations it is as well 
to take them in the order in which they are tabulated in the Log supplied 
from the Meteorological Office. 

1. Wind. — ^As may be expected, the phenomena of the land and sea breeze 
were well marked, and the direction of the wind at any given time might 
ahnost always be safely predicted. The following may be taken as a general 
description of the wind phenomena for December. From 9.80 p.m. wind 
backing to Westward, very light but freshening towards 4 a.m., decreasing again 
till 9.80 a.m., at which time it was generally very light and alternated with 
calms ; towards 10 a.m. it began to freshen and veer to North-eastward, 
reaching its maximnm force about 2.45 p.m., and was then well from the 
Eastward (sea breeze), decreasing in force and backing again to West-north- 
west towards 9.80 p.m. 

This succession of the winds was practically the same for the months of January 
and February, except that in January the 9.80 a.m. veering was less rapid, 
and the sea breeze not so much from the Eastward, and the backing in the 
evening into the land breeze was a little more rapid. In February the com- 
mencement of the backing of the wind in the evening occurred a little earlier, 
about 7 p.m. 

The general means for the months are given in Table I. as follows :*^ 
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TABLE I.— Wind. 



Month. 



December 

Janiuuy 

Febraary 



• • • • 



• ••• •• •••• 



Land Breeze. 


Sea Breeze. 


Direction. 


Velocity. 


Direction. 


Velocity. 


W}N 

WIN 
WNW 


Miles 

per boor. 

4-0 

4-4 
47 


NE}E 

neIn 

NE 


MUes 

per hour. 

8-6 

7-2 

8-8 



Though, as a general mle, the wind always backed, yet there were occa- 
sions in which it went round by Soath; North and South winds were rare, 
and when they did blow, were of short duration. 

The velocity of the wind was measured with the Bussell-Bobinson wind 
gauge described in my paper on ** The Force of Wind at Sea,** Quarterly 
Journal, Vol. IX., p. 241, and if not exactly accurate absolutely, yet the 
comparative velocities of the wind are, and I have reasons for believing the 
absolute mean velocities are not fen out. Care was always taken in recording 
the observations to hold the instrument in an exposed position.^ 

Perhaps here I may be allowed to call attention to the great desirability 
of having a small anemometer, similar to such as mine, for use on board 
ship, more especially in cases where the observations are left to be taken by 
the officers, as is generally done, the wind velocities would then be inter- 
comparable. It has been suggested to me by Mr. EUery, F.B.S., that the 
tube of a Hagemann gauge might be run up a mast and connected at the 
bottom with a delicate pressure gauge, and it seems possible that this would 
give very fair results, though I have had no opportunity of testing it. 

2. Barometer. — Undoubtedly, the most striking instrumental regularity 
is shown in the rise and fiEdl of the barometer ; but this regularity in tropical 
places is so well known, that I shall at once pass on to give, in Table 11., the 
times of maximum and minimum for the different months. 



TABLE n.— Babouetbb. 



Months. 



December 
January.. 
Febraary 



Means. 



Lib. 
29*954 

29*974 
29*929 



zst Min. 



3.20 a.m. 
3.28 a.m. 
3.36 a.m. 



zst Max. 



zo.o a.m. 

1 0.0 a.ni. 

9.33 a.m. 



2ndBfizk 



3.33 Pm. 
3.6 p.m. 

4.0 p.m. 



2nd Max. 



9*25 p.m. 
9.48 p.m. 
947 P-m. 



The mean monthly curves for December and February are more irregular 
than is the curve for January, which latter month also shows less range in 
altitude. 

The barometer was fixed in the after deck-house, 12 feet above the sea- 
leveL 

8. Dry and Wet Bulbs, Vapour Tensionf and Relative Humidity, — Under 
this head we treat of the most important fiEMtor in the weather of Massowah, 
as these, more than any others, determine the suitability of a place for habita- 



WILSOM-BABZSB — A WIHTBB B WUIHKB Dl HJLBBOWAa. 



[T 


ktt^:. 


• » 


r:; 


• J' ' 


r^ 


- ^, 




ht;; 


pi5 


!l 


































































\ 
















i 


\ 


■■-. 


/ 


'f\ 






V 








^ 




" 


■ 


''^. 


■— . 


^ 








N^ 


■, / 


/ 


-'^t- 
















\ 








































V i / 












fl 


fl 


t^ 


* 


fl 


hi 



Baiometer, Wind and Clond tX UBssovr*!). 



tion by man. In a general va; we thinh of Massowab as one of the hottest 
places in the world, and that it is bo I have no doubt in my own mind, thoogh 
I am somewhat sceptical as tj> the accounts given of the very high tempera- 
tures regiateTed. What is really bo trying about a plac« of this vat in 
summer is the continual heat day and night, when the lur is heated up to a 
t«mperatare above that of the blood, making it difflonlt to breathe. 

TABLE m.— TRMMaiTUBB ujd Hdmiditt. 



MOBthB. 


Temp, in 
Bbado. 


Vapour Tension. 


Belutive 1 
Hmnldity. 


Il|t| 


i 

s 

to? 

■784 


= 1 


4,0 


and 
Mu. 


II 

3-46 

2.17 
"■33 


1 

0/0 
79-1 


i 


i 

'■.1' 


Deaeaibot 


n°. 0,40 
76-8, 2,26 

77-6 ■." 


313 

4.0 


8.0 

None 

















The greatest shade temperature, 96°, was noted on February 28th, at 
2.30 p.m., and the lowest, 68°-l, on February 2nd, at 4 a.m. Generally 
speaking, the coolest time was the last fortnight of January and the first 
fortnight of Febmary, during which the vegetation and insect life on shore 
were at their best. 

The thermometers were hung in the ordinary wall screen, and faced West 
by North. Close by was set up a Stevenson screen, in which the thermo- 
meters faced North by East; the readings of the two sets of thermometers 
were, for all practical piirpoaea, the same, and gave a good opportunity for 
comparing the relative values of the two screens. I am inclined to favour — 
evoa in the hottest places — a perfect exposure for the screens, provided the 
ritdiation from beneath is reduced to a minimum. 

1. Solar Badintion, — Observations of the black-bnlb thermometer were 
taken at 8 a.m., noon, and 4 p.m., giving the following meaua ; — for Beoem- 
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bor 111°'8, January 101°*6, and February 114°'4. The thermometer was 
well exposed, and had its bulb directed to the South-east. 

5. Clouds, — ^By far the most common cloud was a middle layer stratus, 
haying an almost constant movement from a South-easterly point; next 
came the cumulu^s, generally moving with the wind, and then the cirrus 
always moving from a South-west point. 

Table lY. shows the mean cloudiness. 



TABLE IV.— Amount of Cloud. 



Months. 


Mean 

Amount of 

Clond. 


ist Max. 


zBt Min. 


1 
2nd Max. 


2nd Min. 


December 


3*5 
6-3 
4-2 


8.0 a.m. 
6.46 a.m. 
8.0 a.m. 


4.0 a.m. 
0.0 a.m. 
0.0 a.m. 


8.0 p.m. 

7-33 p.m. 
8.0 p.m. 


2.47 p.m. 

10.40 a.m. 

4.0 p.m. 


January 


February 



6. General Weather was fine, though at this season thunderstorms and 
squalls sometimes occur. On the evening of our arrival, November 25th, 
there was a thunderstorm, accompanied by rain and very unsteady wind, for 
three hours. 

7. Sea Surface was generally calm, though with strong South-easterly 
wind a nasty swell rolls right into the harbour. Observations of the tides 
were taken, but owing to the difficulty of getting observations only very 
approximate results could be obtained. These showed the rise and fall to be 
very irregular, and having an extreme average range of 8 feet 5 inches. I had 
hoped to detect some connection between the tide movements and the 
general meteorological conditions, but failed to do so, though it is possible 
there may be some slight and unimportant relations. I might suggest that 
there are probably important relations between the growth of the coral and 
the impinging of the tidal currents on the fringing reefs, as in some places 
the edge of the reef is quite close to the land, while in other places it runs 
out for some distance. 

The diurnal changes in the temperature of the sea were remarkably 
regular. Table Y. gives mean temperatures, maxima and minima. The 

TABLE v.— Sea Subface Tempsbatube. 



Months. 



December 

January 

February 



Mean. 


Max. at 


Min. at 


83°! 
8o'8 
8o'8 


5.54 p.m. 
5*9 p«m. 
541 p.m. 


7.20 a.m. 
0.0 a.m. 
8.0 a.m. 



mean density of the water was 1*0265, which is not by any means high for a 
sea in which such an evaporation goes on, surrounded as it is by sandy 
deserts. 

8. Bainfatt. — ^Having no rain-gauge with me, one was extemporised out 
of a meat tin, in the top of which was carefully fitted a funnel, and over the 
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bottom was a layer of piteh. This was then fitted in a raok, oyer the 
Stevenson screen and about 21 feet above the sea snrfiacei and well exposed. 
Observations were taken daily at 8 a.m., bat unfortunately, owing to sick- 
ness, I had to discontinue the observations for the first ten days of February, 
but was able during that time to record the times of rainfiEJl. Table YI. gives 
the amount of rainfiEJl and the number of days it fell. 

TABLE VL— JUnrrALL. 



Months. 


Bainiall. 


No. o! 

Days of 

Bain. 


Deoombcr • 


In. 

I'OO 

1.85 


6 
7 


January 

February 



9. Spectroscope observations of the rain band were made every day ; using 
a Browning miniature spectroscope at 7 a.m., looking North-west, the instru- 
ment being elevated about 80°, and using a scale of to 8, 1 find it quite 
impossible to distinguish more grades of shading. It certainly is a valuable 
instrument in forecasting rain, but there will be some difficulty in getting a 
scale of relative values for its reading. 

In conclusion, it will be interesting to glance over the chart of daily instru- 
ment curves, and note the relations they bear to one another. If we look along 
the curves, we shall see all through the general daily fluctuations that there 
are also periods when the lines are above the mean and times when they are 
below approximately, the times of fluctuation are as follows : — 

Barometer 6i days. Sea Temperature 12 days. 

Temperature, Air 6^ „ Wind Force 12i „ 



Vapour Tension 7i 

Relative Humidity , 8^ 



»» 



»» 



Cloudiness 



m » 



I have no doubt that for a long series of observations taken in such a 
place as this we might determine a certain period of fluctuation which would 
be common to all observations, and would show their relation to each other. 
The concentration of the maxima and minima at certain hours of the day is 
well shown in the monthly mean chart, on which the maiimnm and mini- 
mum symbols were plotted from curves carefully projected. 



I The amoont actually registered was 0*63 in., and estimated amount 0*4 in. for the 
first ten days. I was inf(Hined, by old residents, that the rainfall was about the 
average, and from this it would appear that if reservoirs were made for storing the 
rain there would be no need of oondensing the sea water; in addition, arrangements 
might be made to irrigate the rich alluvial soil spread over the plain, the presence of 
which is a sign that there either are or have beeii very heavy rains in this distriet* 
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DISCUSSION. 

The President (Dr. Marcet) said that commamcation» from tmyellers were 
always of great interest and very valuable. He enquired whether Capt. Wilson- 
Barker had been able to ascertain the amount of terrestrial radiation during the 
night-hours. He supposed it would not be much as the air was rather damp, and 
the tension of vapour did not appear to be very much different during the night- 
time to what it was in the day. The winds experienced at Massowah were much 
the same in their general direction and changes as those which blew iJong the 
south coast of France on the shores of Mediterranean Sea. 

Mr. Bayard said that the deposits of rich alluvial soil in the district of 
Massowah were probably brought aown from the mountains further inland by the 
little streams which flowed from them. He thought it would hardly be practicable 
to store the rain which fell, for the amount was so small and the heat so great 
that it would be speedily evaporated. 

Mr. Harries said that the results of the observations made by the Italian 
l^xpedition at Massowah during two and a half years, seemed to show that the 
rainfall registered by Capt. Wilson-Barker was greater than that measured in 
previous similar periods. 

Mr. Baldwin Latham said it was quite possible that, although the heat was 
great, the amount of evaporation might be comparatively small, seeing that the 
air was so damp. Evaporation was not always greatest when the weather was 
hottest ; as in England, August was by far the hottest month, bat it was not as a 
rule the month of greatest evaporation. 

Mr. Scott said, regarding the question of evaporation, that the relative 
humidity was shown by Capt. Barkers tables to be above 80 per cent daring the 
night, and about 72 per cent, or 73 per cent, in the day hours. Massowah was 
considered by Dove to be the hottest place in the world in May. He said in his 
KlinuUohgUche Beitr&ge, Vol. I. p. 57. '' May in Massowah is 29^*78 B. (99''-l F.), 
the highest monthly mean I know of.** 

Mr. Mawley said that it was interesting to note the degree of accordance 
between the two wooden screens, and thought that it tended to show that the 
Stevenson screen could be used in any climate. 

Capt. Wii^on-Barker, in reply, said that the two screens he used had no 
shade of any kind, but were fully exposed to the sun*s rays. No observations on 
terrestrial radiation were made. Regarding the question of water supply, water 
could be readily obtained by digging in the river oeds, showing that a good deal 
of rain must have fallen some distajace inland. 
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INSOLATION. 

By RUPERT T. SMITH, M.Inst.C.E., P.R.Met.Soc. 

(Abstract.) 



[Beoeived December 13th, 1867.— Bead April 18th, 1888.] 

In this paper the author aims at giving a ratio of measorement for the 
intensity of the son's rays, irrespective of the angle of incidence and of the 
duration of sonshine, by a series of carves (not printed here) drawn to show 
the insolation for the year, ue, the solar radiation as osnally deduced from 
maximum air temperatnre in comparison with the readings of the black bulb 
thermometer in vacuo. 

No account is here taken of the physical effects of absorption, radiation 
(other than direct), refraction, or polarisation of the ray on its passage to the 
earthi other than is shown by the results of instrumental observation. 
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It is best to ascertain the simple efifects first, and then to add the various 
and delicate calculations necessary to investigate the whole subject. 

The values are therefore given both without and with the effects due to 
the sun's altitude; the chief complications met with being the greater 
diathermancy of the air in spring, due to the dryness of the seasons and the 
prevalence of East wind — and again the fact that solar radiation is greater 
in the morning than in the afternoon, and that earth radiation is greater in the 
evening than after midnight. 

The author recommends great caution in drawing conclusions as to the 
final value of sun-heat received by the earth, and he refers to a former paper 
of his {Quarterly Journal, Vol. XII. page 180) for an estimate of the values 
of solar radiation for 1875-1884, as observed in the neighbourhood of Bir- 
mingham, in which paper the effect of aqueous vapour, cloud and wind upon 
solar radiation was discussed. The author has now tabulated the results as 
shown in Table I. 

The author considers the ordinary observations of solar radiation as complex 

TABLE L— BoLiB Radiation. 



Sim*s Mean Altitade 



Air Temperatnie — Mean . . . 
Solar Radiation — Uncorrected 
Corrections for Diflerenoes : — 

In time of Maxima 

Open to Oloeed Screen . . . 
Mean Maximum Solar Radiation 
Abflolate highest 
Extreme Daily Range 



(f 



» 



Terrestrial Radiation 

y aponr Tension 

B^tiye Humidity • . . 
Bifean Amomit of Cloud 
No. of OTercast Days . 
No. of Storms 



• • .••... 



• • • • • • 



Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


9 '^ 


1 


/ 


t 


5 ' 


/ 


/ 


16-36 


a4*34 


35'Si 


47^20 


56-39 


60-35 


58-51 





„o 

















36-2 


3«-5 


39*9 


45-5 


51-1 


58-1 


61*1 


U7 


»6-4 


39*3 


44.0 


44-0 


43'4 


416 


+1-8 


+2-2 


+2-7 


+3-1 


+3-2 


+3-5 


+J-+ 


— 7 


•9 


— '9 


— '9 


— '9 


— 7 


— i-i 


36 


47 


60 


61 


58 


56 


55 


49 


56 


78 


67 


64 


60 


60 


34 


24 


35 


19 


13 


n 


14 





q. 

















31 


3-6 


3-5 


3-« 


3.9 


39 


4-6 


•176 


•217 


•200 


•»35 


•251 


•3*5 


•412 


•848 


•829 


'782 


745 


.730 


•732 


•782 


6*9 


7*4 


6-1 


6-4 


6^i 


60 


6-5 


i8'4 


15-9 


I2'7 


131 


io^8 


9-1 


lO'I 


-i:i- 


-IL. 


JL2-. 


r8 


I'2 


_2- 


7 



Sun*B Mean Altitude 



Air Temperature— Mean ...... 

Solar Radiation — Uncorrected .. 
Corrections for DiSerences : — 

In time of Maxima 

Open to Closed Screen 

Mean Maximum Solar Radiation 
Absolute highest 
Extreme Daily Range 



>f 



Aug. 



fi 



O / 

51-12 

596 

40*0 
+3*3 

— I'D 
56 

68 
20 



Sept. 



Terrestrial Radiation .. 

Vapour Tension 

ReLatiTC Humidity . . • , 
Mean Amount of Cloud 
No. of Overcast Days • . 
No.ofStorms 



O I 

40-28 

o 

55*o 
38-1 

+2-8 

— 7 
54 
71 
23 



Oct. 



Nov. 





4*5 



47 


•436 


•379 


•792 


•825 


6-9 


6-0 


12*2 


zo*6 


1-7 


"•5 



28^32 

o 
47-4 
288 

+**3 

— *5 

48 

54 
22 

o 

42 
•285 
•848 

6-4 
14-1 

4-5 



1%'i 



57 

o 

40^8 

i8^8 

+r6 
— ^6 

43 
61 

39 

o 

37 
'224 

•840 

6^3 

i2^o 

4-9 



Dec. 



O / 

1423 

o 
36*6 

12^7 

+1-4 
— 6 

35 
66 

46 

o 
4*o 
*i9i 

•886 
6-4 

12*4 

4'a 



Means. 



37'5o 

o 

47'5 
325 



51 
63 

. . 

o 

40 

-2795 

•80325 
6-4 

12^6 

a'7 
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and insnffioient, and is of opinion that there is little to be gathered from the 
peculiar result of the solar radiation of a year, with its May maximmn and 
its continuonsly high radiation from April to October, instead of a maximTiTn 
at or about the summer solstice and a fairly regular curve of radiation through- 
out the year. The author considers that on the whole the black bulb 
thermometer in vacuo holds its own with any other instrument used in acti- 
nometry* 

All his own observations as recorded in this paper were made with one 
instrument. 

Table II. gives the various figures all reduced to the same common 
denominator, and this (82^*6) is the figure for the mean solar radiation of 
the district under discussion (Birmingham) for the period 1875-1884. This 
figure is some BP below the average, or 24 per cent, below the average of 
the country taking eastern and western stations together. The low figure 
is caused by the smoke of the district. 



TABLE n. A~In tibms or ICxah Bolab Badutiom (32^*5)— witboxjt Bun*s Altitudi. 



Units of Intensity 

Mean Temperatore of Air • . • , 

Bkok Bulb Thermometer, Mean , 

„ „ eliminated 

Solar Badiation, correct for noon and ) 

Open Soreen j 

Terrestrial Badia^tion 

Phenomena inflaenoing Badiation : — 

Vapour Tension 

Hnmiditv , Belative 

Cloud, Mean 

Cload,Fall 

Cloudless Weather , 

Clear Sky 

Wind 

Storms 

4 Phenomena Means correct (Carres ) 

7-u) r 

Units of Intensity 

Mean Temperature of Air , 

Black Bulb Thermometer, Mean , 

„ „ eliminated 

Solar Badiation, correct for noon and ) 

Open Soreen j 

Terrestrial Badiation 

Phenomena inflnenoing Badiation : — 

Vapour Tension 

Homidity, Belative 

Cload, Mean 

Cloud!, Full 

Cloudless Weather 

Clear Sky 

Wind 

Storms 

4 Phenomena Means correct (Carves) 

7-14) ) 



Jan. 


Feb. 


Mar. 


ApriL 


May. 











3?-3 





24-1 


28*3 


3a*5 


39-2 


24-9 


26*5 


»7*5 


3i'4 


35« 


38-8 


344 


30*3 


27.3 


*5*Z 


38'o 


36*2 


35*3 


32*2 


29*8 


28*9 


37'« 


38*8 


34-8 


307 


»5'+ 


29-5 


28*6 


311 


31-9 


20*6 


*S*3 


»3-4 


»7-5 


29-4 


34-4 


33-6 


317 


30*2 


29*6 


34'9 


37-3 


30-6 


32-6 


30-9 


47*5 


40*2 


328 


33'9 


28-0 


33-8 


44*3 


38-6 


30*8 


26*1 


467 


38*8 


33*5 
39-8 


3>'3 


25-2 


28-5 


35-6 


33-6 


30-5 


29*1 


39*3 


387 


347 


308 


34-8 


36-8 


33'4 


317 


28-8 



Jane. 



40-8 

399 
26*3 

27*2 
29-4 
32*0 

38*0 
297 
30-5 
23*6 
24*6 
237 

»7-3 
29*6 

28*6 



July. 


Aag. 


Sept. 


Oct. 


Not. 








^ 








39'9 


37*» 


33-6 


297 


26*1 


417 


40-9 


377 


324 


277 


267 


286 


3'7 


35* 


40*8 


24-9 


249 


27-6 


3**5 


392 


28*4 


30*2 


34-3 


35-6 


33*9 


377 


377 


38-4 


34*4 


3>-4 


49*4 


51-0 


44*3 


33*4 


26*2 


317 


32*1 


33'4 


34*4 


34'i 


3*7 


34-8 


30-3 


32*2 


3*7 


26*1 


31-6 


274 


367 


31*0 


»4-S 


29*1 


30*2 


38-3 


40-I 


^Y^ 


23-9 


26*9 


33*9 


46*0 


27*1 


30*9 


327 


36*2 


365 
33-8 


28-5 


298 


33-9 


33-6 


30-4 


33-0 


32*4 


35-1 


34'9 



Deo. 



o 

23*1 
25*1 
45'o 
43'o 
287 

327 

22*3 

35'9 
323 

32*0 

30-4 

377 
3**i 
29*0 

30-9 
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TABLE II. B.— In tbbms of Mban Solab Badution (32^*5)— with Suk^s Autitudb. 



Units of Intensity 

Mean Temperature of Air 

Blaek Bulb Thermometer, Mean 

M M eliminated 

Solar Badiation, correct for noon and I 

Open Screen f 

Terrestrial Badiation 

Phenomena influencing Badiation :» 

Vaponr Tension 

Humidity, B^tive 

Cloud, Mean 

Cloud,Full 

Cloudless WeaUier 

Clear Sky 

Wind 

Storms « 

4 Phenomena Means correct (Curres ) 

7-14) 1 

Batio of Diathermancy — ^Mean of) 

Curves 4, 5 and 15 ) 

Terrestrial Badiation — Mean of Curves \ 

6 and 15 j 



Jan. 


Feb. 


Mar. 


April. 


May. 

















11*0 


i8-7 


30-2 


4»'4 


52*0 


11-4 


17*6 


25-8 


37-0 


46*9 


20'2 


26-1 


3a'4 


366 


39'o 


19*8 


27*2 


36*8 


42*0 


44.1 


13*0 


25-8 


39'3 


44'3 


44*5 


12*1 


20*4 


27-9 


38*0 


443 


9*4 


167 


21*4 


^ol 


38-2 


17*0 


24«2 


321 


38*8 


429 


17*1 


266 


30*7 


41*0 


44'a 


24-3 


29-9 


34'3 


44-6 


41*8 


17-3 


329 


40*4 


40*5 


39-0 


24*8 


30*0 


36-5 


42-8 


391 


14-1 


25*6 


403 


4*7 


44.1 


14*2 


27*9 


387 


43-6 


43*9 


17-0 


26*5 


34"3 


40-9 


41*8 


i6-6 


26-5 


36-8 


4a-4 


43-5 


H'3 


»3'5 


3i'3 


40*2 


43'9 



Jane. 



o 

565 
55-6 
417 
42*6 

44*4 
46*4 

S»'4 

447 

45*5 
367 

38-3 

38-4 
41-2 

44.0 
43*2 

43*4 
44*9 



Units of Intensity 

Mean Temperature of Air 

Black Bulb Thermometer, Mean 

„ „ eliminated 

Solar Badiation, correct for noon and ) 

Open Screen ] 

Terrestrial Badiation 

Phenomena influencing Badiation : — 

Vapour Tension 

Humidi^, Belative 

Cloud, Mean 

aoud,Full 

Cloudless Weather , 

Clear Sky 

Wind 

Storms 

4 Phenomena Means correct (Curres ) 

7-14) 

Batio of Diathermancy — Mean of 

Curves 4, 5 and 15 

Terrestrial Badiation — Mean of Curves 

6 and 15 



July. 


Aug. 








54*2 


46*0 


sn 


5i'o 


417 


40*6 


388 


356 


42-1 


40*5 


537 


48*9 


656 


6r6 


46*9 


43-3 


47*9 


46*5 


39*9 


44*0 


37*4 


40*5 


369 


34*6 


40*2 


417 


41*6 


39*6 


44-8 


44*3 


41-9 


40*1 


47*8 


44-5 



Sept. 



347 

39*» 

37*4 
32-9 

38-4 
4«S 

451 
37-8 

337 
31-8 

35-0 
324 

367 

376 

364 

3S'9 
387 



Oct. 


Nov. 


22*6 



«3*5 


24*8 


14-4 


30*6 
28*4 


24*1 
23'I 


28-8 


i8-o 


27-3 


17*0 


»5"4 
285 

26*3 


131 
19*1 

17*6 


31-3 


180 


3*7 


23-3 


30*1 


27-8 


29-9 
287 


20*5 

187 


29*1 


194 


28*8 


20*1 


28*0 


i8-6 



Deo. 



o 

91 

ICO 

20*4 
195 

11*7 
13*5 

86 

MS 
137 
14*2 

135 

I7'4 
13*8 

12*3 

13*1 
14*8 

14*1 



The proportionate gain of the radiation of both the son and the earth is 
most in winter, and then in autumn, spring has a slight and summer a con- 
siderable loss. We appear to lose 20 per cent, in summer, and to gain 45 
per cent, of the winter radiation, which is what we may expect, being then in 
perihelion. The sequential order of the months goes far to prove the accuracy 
of the figures. The net gain of radiation in the year in this latitude (52^80' N.) 
would appear then to be about 6 per cent. (Table m.) 

The greatest attention should be given to maximum values, for there are 
very few days in the year when unusual facilities occur for obtaining the highest 
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TABLE HL — ^WiTH THE Sxtn'b Altitxtdb ahd Dubatioh OV BADUnOK. 





Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Batio of Diathermancy 

TerreBtrial Badiation 


lie 
H-3 


26'5 
*3'5 


3^-8 
32-3 



42*4 
40-2 



43*5 
43*9 



434 
44*9 



41-9 

47-8 




Z2 boon: — 
Sun, day hoim 


7-8 
i6'i 


9-6 
14-4 


117 

I2'5 


137 
I0'4 


1 6-6 

7'* 


161 

7-8 


Earth, night honrs 


Snn, Badiation and Duration • . 
Earth, Badiation and Duration 

Diflerenoes— Net* Gain . . 

Months in Order of Gain :^ 
Son and Earth together 


IO-8 
19*2 


21*2 

28-2 


35*9 

33*7 


48-4 
34-8 


56-6 
30-4 


6o'o 
26*9 


56-2 
311 


-8-4 


7'o 


-|-2*2 


+136 


+26-2 


+331 


+25-2 


10 


9 


6 


4 


2 


I 


3 


Monthly Order, by percentages of 
gain (i) and loss (ii) :— 
Sun 


2 
3 


4 
4 


6 

7 


8 
9 


10 
II 


12 
12 


II 

10 


Earth 


Sun and Earth together .... 


} 


f 


6 


8 


10 


12 


II 


' 


Aug. 


Sept. 


Oct. 


Nov. 


Deo. 


Means. 


Batio of Diathermancy 



40*1 

44*5 



35-9 
387 



28-8 

28*0 



20*1 

1 8-6 


14-8 
141 



32-5 

3»*5 




Duration of Badiation in terms of 
12 hours: — 
Sun, day hours %•*.•• 


14-4 
9-6 


12-5 

117 


io*5 

'37 


8-3 
I5'6 


7-2 
i6*6 


12*0 
12*0 


Earth, night hours 


Sun, Badiation and Duration .... 
Earth, Badiation and Duratickn. . 

Differences— Net Gain. . 

Months in Order of Gain : — 
Bun and Earth together 


48-1 
35-6 


37'4 
377 


252 
32*0 


13-9 
24*2 


8-9 
195 


35-22 

29-44 


+12-5 


-0-3 


—6-8 


— io'3 


— io"6 


= 578 p. ct. 


5 


7 


8 


II 


12 


. . 


Monthly Order, by percentages of 
gain (i) and loss (iz) : — 
Sun 


9 
8 

9 


7 
6 


S 
5 


3 

2 


I 




Earth 


I 


Sun and Earth together .... 


7 


5 


2 I 



eifoct of solar radiation, and it would seem that we get proportionally higher 
effects at the winter solstice than at any time in the year. 

There is no doubt that all the solar radiation figures of this paper are 
lower than they are elsewhere, especially during the cold months, when there 
is reason to belieye that the denser air causes the smoke canopy to. occupy 
less space. 

Objection may be taken to the full number of hours of sunli^t and of 
darkness being used (Table m.) where about one-third only of the sunligiht and 
presumably the same proportion of the night effect are actually received, but 
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what is heie pat forth is not so mnoh the working out of the process as the 
pointing ont of a method hy which radiation observation can be utilised here- 
after to assist in the absolute measurement of sun-heat and the yearly storage 
of heat by the earth. The creation of a standard figure for the epoch of the 
observation of insolation would be a boon to the workers on this subject. 



DISCUSSION. 

The Pbesident (Dr. Marcet) said that it was fortunate that the observations 
discossed were all made with the same thermometer, as the results were compar- 
able throughout the series. He inquired what was the relation between the 
radiation given out at night and the heat received by the earth during the day, 
and at what time in the twenty-four hours equilibrium was restored. 

Mr. Smith said he could not sav either at what hour of the day or season of 
the year equilibrium was restored, out he knew that in the spring-time the greatest 
intensity of radiation was early in the morning. So far as his calculations were 
concerned there is in the Birmmgham district a gain of 67^ in favour of the earth 
during the vear. He considered that terrestrial radiation ought perhaps to have 
been more heavily handicapped in drawing the curves for his paper than it had 
been. 



REMARKABLE HAILSTORM NEAR MONTEREAU, FRANCE, 

AUGUST 15th, 1888. 



[Bead November 21st, 1888.] 

Last summer we were voyaging on some of the French rivers in our ouirigged 
boat, which we had sent from the Thames to Auxerre, whence we embarked 
to row and sail down the Yonne and the Seine. In the course of our voyage 
on August 15th we encountered a fearful storm of thunder, lightning, hail 
and wind on the Biver Yonne, between Sens and Montereau, only escaping 
disaster by taking shelter, just in time, in the Lock -house of the Ecluse do 
Barbey. 

The preceding days had been excessively hot, and the morning of the storm 
was bright and sultry. About 4 p.m. clouds came up on all sides with 
thunder and lightning, the latter setting fire to a hxm near the river. Thero 
was a violent wind with the hailstorm, the tempest lasting about twenty 
minutes. 

Hailstones of tremendous size, about 7 inches in circumference, fell in 
thousands over a distance of about a mile and a half, whilst others of smaller 
size so covered the ground as to mako it white. After the small hail had 
melted the big stones remained scattered on the river banks and fields at 
about two yards* distance from each other. 
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50 HAILSTORM NSAB MONTBBEAU, FRANCS, AUOUBT 15tH, 1888. 

We made earefol measurements and drawings of several of tlie laige ha3- 
stones, firom which we have prepared models showing the actoal size and 
shape of the stones. Four of these are represented in the aceompanying 
engravings (pp. 48, 49). 

We should mention that the stones had heen on the warm gronnd for quite 
half-an-hoor before we picked them np and outlined them. They seemed so 
mach colder than ordinary ice that they melted imperceptibly. Althon^ the 
river bank and fields adjacent were studded with them, we saw none floating 
in the river ; all appeared to have sunk, but the surface of the water was so 
covered with leaves and small branches cut from the trees by the storm, that 
we might have passed them unobserved. 

A. 0. Strattkr. 

W. B. M. Bod. 

A. Jamcboii, 

E. Whirbqrr. 



On the Montbreau Haiiatorm. 

(Translated firom La Natum of October 6th, 1888.) 

A FORMIDABLE hailstorm ravaged the environs of Monterean (Seine et M ante) 
on August 15th, 1888. The day was moderately hot, but stormy ; a thiok cloao, 
low down, formed in the South, burst suddenly on our fields, discharging hail- 
stones of prodigious size. In a few minutes — not more than ^v^ or six — roofs 
were perforated, ^eat branches were knocked off the trees, and holes were dag 
in the soil 3 or 4 mches deep, at intervals of one or two feet, as though by cannon 
shot. Many of these extraordinary hailstones weighed 260 grammes (snore than 
9 ounces avoirdapois), and were kept two or three days. They were generally 
spheroidal in shape, with, in some cases, rounded protoberanceSy the nudeos 
being in some opaque and in some transparent. 

Continuing slowlv its narrow but devastating course, the hail cloud visited 
the communes to the north of us, Milly, and others ; but there, for some inex- 
plicable reason, the phenomena were different, the stones being smaller but more 
numerous, not merely broke the branches of the trees, bat stripped them of 
their leaves, and cut up even the smallest plants. 

The repairs of the roofs of the Chateau and farm are far firom being 
completea, yet we have already used up 80,000 tiles and 25,000 slates. I leave 
vou to guess the number of windows, garden frames, bell-glassesi &c which have 
been broken. 

COMTB DULONO INS SOSNAT. 



DISCUSSION. 

Mr. Marriott read the following accounts of some occurrences of large hail> 
stones which had fallen in the British Isles : — 

1697, May 4th. Hailstones measuring 14 inches in circumference fell in 
Hertfordshire and killed several persons. (ThmMotCg Inirodueiion io M4i$orologv, 
p. 179.) 

1784, June 5th. At Selbome hail was found measuring 3 inches in circum- 
ference. Cyatural History of Selbome, Ixvi.) 

1808, Julv 15th. Masses of ice having a perimeter of 3 to 9 inches fell in 
Gloucestershire. (HowartPe Climate of London, Vol. II. p. 50.) 

1811, June 8th. A hailstone measuring 6*5 inches in mameter, and* cuboidal, 
fell near Birmingham. (Thomeon^s IntrodueUon to Meteorology, p. 179.) 

1818. July 24tn. Hailstones as large as a goose-egg, mixed with masses of 
ice, fell in the Orkney Islands. (Trans. Roy, Soc. Edin. Vol. IX. p. 187.) 
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1828, Aagost 9th. Pieces of ice, some of which measured 3 inches long and 
1 inch broad, fell at Horsley, Staffordshire. (^Edin, Jour, of Science^ Vol. IX. 
p. 354.) 

1835, June. Hail measuring 3 inches in circumference fell near Edinburgh. 
{Thom90fC9 Introduction to MeUorology^ p. 181.) 

1846, August 1st Hail weighing 1 to 2 ounces, avoird., fell in London. 
{TkomtofCM Introduction to Meteorology^ p. 181.) 

1878, August 3rd. Ashby Parva, Lutterworth. The Rev. W. Gement Ley 
writes : — ^** Having to attena to the condition of my deluged house, and having a 
•erviee in the church at 6.30, 1 was unable to weigh or take measurements of the 
hailatones until 8 p.m., when I found the stones to be in all cases exceptionally 
round and hard. I measured some, which were just 4j^ inches, and one which was 

S inches, in circumference. This was two hours after they f elL'* (Symana^s 
eUorological Magazine^ VoL XIIL p. 119.) 

1879, August 2nd-3rd. At Richmond " a hail bolt which fell through a car- 
penter's window was found by him to be 4} inches in length." (Symoru^t Meteoro- 
logical Maaaxine, VoL XIV. d. 100.) 

1883, July 3rd. In North Lincolnshire the hailstones were in fact solid masses 
of ice of various shapes and sizes, weighing from 2 to 6 ounces, and some 
measured 6 inches in circumference. {Meteorological Record^ Vol. III. p. 38.) 

Mr. Whipple said that he was an eye-witness of the hailstorm at Richmond 
on August 2iidand 3rd, 1879. It occurred about midnight, and he was awakened 
by the smashing of the glass in a small conservatory at the back of the house. 
He measured the pits made in the lawn hy the falling hail the next morning, and 
found them to be about 2 inches deep. A copper roof was very much pitted, the 
dents remain to the. present day. He also found a piece of glass embedded in 
the paint 10 feet away from the window. Ninety panes of glass were broken in 
the &ew Observatory, and in the conservatories of a gentleman (Mr. Cave) in 
the neighbourhood, which covered a quarter of an acre, not a pane of glass was 
left unbroken. 

Mr. Wilson inquired whether these large hailstones were a conglomeration of 
amaller ones. 

Mr. Latham inouired whether any sections of the hailstones had been made. 

Mr. Bird repliea that no sections were made. The stones were so hard and 
■elid that none of them appeared to split or break to pieces, though striking the 
ground with such violence. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

NOYBMBBB 2l8T, 1888. 

Ordinary Meeting. 

William Marcbt, M J)., F.R.S., President, in the Chair. 

KVQVWtO Abcimis, Director of the Institute Central Meteorologico, Madrid ; 
John Wiluam Horace Gray, Greville Lodge, Twickenham ; 
James Lardnbr Green, M.D., Harcourt Terrace, Salisbury ; 
Richard Thomas Morgan, Wellington House. Clevedon ; 
Charles Edward Mumford, 19 Ivanhoe RoacI, Sefton Park, Liverpool ; 
Edward Lavington Oxenham, F.R.G.S., British Consul, Chinkiang, China ; 
Alexander Milmbr Robertson, M.D., Roehampton, S.W. ; 
Edward Cox Seaton, M.D., 35 Georee Street, Hanover Square, W. ; 
James Nasmyth Sidebotham, Erlesden, Bowdon, Cheshire ; and 
Thomas Coke Squancb, MJO., F.R.M.S., 4 Beaaclerc Terrace^ SuuderUod, 
balloted for sod duly elected Fellows of the Society. 
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PBOOEXDIMaB AT MSBZDCOI. 



The following Paptrt were read, tub. : — 

*' Results op an Investigation of the Phenomena op Enoush Thundui- 

8T0BM8 DURING THE YEARS 1857-59.'* By G. J. STMONS, F.R.S. (p. 1.) 

*' Notes on the Meeting of the International Meteorological Cqm- 
MiTTEE at Zurich in September 1888.*' By Robert H. Scott, M JL, F.R.& . 
(p. 13.) 

" A Method of Photographing Cirrus Clouds.* By Dr. A. Riqobmbacs. 
(p. 16.) 

Mr. a. C. Strattbn exhibited some models of veiy large hailstones — sphsiss 
about 2| inches in diameter— which fell near Monterean, on Angust IMl IWBL 
(p. 47.) 



December 19th, 1888. 
Ordinary Meeting. 

William Marobt, M J)., F.R.8., President, in the Chair. 

Oeobob Adkins, L.R.C.P., Tealinpton, Plympton ; 

Thomas Naish Blake, Bramley House, Anglesey, Gh>sp<nt; 

Charles John Bromhead, The dose, Lincoln ; 

Arthur Newsholmb, M.D., 16 College Road, Brighton ; 

Edward Paget Thurstan, B.A., M.D., 17 Park Road, Soothboronidi, Tub- 

bridge Wells ; 
Ret. John Turner Wilkinson, M.A., LL.D., Swaldiffe Vicarage, Bsnboij ; 

and 
Frederick Mann Williams, L.R.C.P., Tavistock, 
were balloted for and duly elected Fellows of the Society. 

Mr. J. S. Harding and Mr. H. S. Walus were appointed Anditors of tte 

Society*8 Accoonts. 

The following Papers were read : — 

*< Note on the prolonged Spell op Cold Weather from SsFnEMBBm 
1887 to October 1888.** By Charles Harding, F.R.MetSoc (p. 17.) 

*< Report ON the Phenological Observations foe 1888." BrthoRBY. 
T. A. Preston, M.A., F.R.Met.Soc. (p. 26.) 

** A WiNTER*s Weather at Massowah.*' By Caft. D. Wilson-! 
F.R.Met.Soc. (p. 35.) 



CORRESPONDENCE AND NOTES; 



Meeting op the Italian Meteorological Socibtt at Vehicb, 
14th-2l8t, 1888. 

The third triennial General Meeting of the Italian Meteorologioal Soeie^ ' 

held at Venice from September 14th to 21 st, and was very saccessfuL AU the 
political and municipal authorities did their best to mi^e the meeting pleasant 
and agreeable. The meetings and the conferences were held in the rooms of tlie 
Istituto Musicale Benedetto Marcello. The opening and closing: meeting were 
held with great solemnity in the historical suoon of the Prcftti. ^ the Dnoalr 
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Palace, in the presence of the members of the International Congress on Copy- 
right, of the political, civil, military authorities, &c. H. M. the King was 
represented by the Prefetto of Venice ; many Ministers and Academies and 
Sc^etira were also represented. The members who responded to the call for this 
meeting were 170, of whom 104 were present. 

The scientific programme, which contained sixty different questions for' 
diaeiuaion^ was diridcS into four branches : — 

1. General Meteorology and Climatology. 

2. Agricultural Meteorology and Phenology. 
3w Hygienic Meteorology and Hydrology. 
4» Qeodyuamics. 

Among the moat important subjects which were treated and diicusBed were, 
the following :— 

Qtmral Metterolom and CUmaiology. — ^The recent studies and the new experi-i 
mental reaearohea ojf Prof. Luin Palmieri on the origin of atmospheric electricity ; 
The reaidts of the magnetic observations made at 103 stations in Italy ; Resultr 
of the meteorological, observatiooa which are nwule on board the steamers of the 
Italian General Steam Navigation Company and of the Veloce Company at th» 
request of the Meteorological Society feseecially the observations made during 
43 voyages in 1887) ; Examination of tne meteorological observations made 
at 8 different stations* belonsing to the Company in South America and in 
Bengasi ; Heliophotometric observations made by Prof. Craveri, of the Observa* 
tory at Bra, from 1874, with an instrument of his own invention ; Two important 
papers by Prof. Busin, of Rome, on the distribution of temperature in Itfdy, and 
the high and low pressure in the northern hemisphere ; and that by Prof. Ragona. 
of Modena, on the daily range of temperature ; A paper by Padre Giovannour 
on the transparency of the air as observed by means of telescopes, and of its 
relations to meteorology ; and two papers by Prof. Galli, of Velletri, and 
Prof. Golfarelli, of Florence, on the velocity of the wind, and on lightning 
conductors. Prof. Roberts described a new and very ingenious hygrometer made 
by Prof. Pizzarello, of Macerata, and several Directors of Observatories read 
reports of the work done, and the results they had obtained. 

A discussion took place on the most efficacious way of increasing the interest 
for Meteorology in Italy by means of publications and lectures. 

AgrieuUurM Meteorology, — Padre Ferrari read an important paper on the 
present condition of meteorology as applied to agriculture, and on the steps 
which the government ought to take in this direction ; and Count da Schio gave 
an account of the developement of phenological observations in Italy. 

Hygignic MeUorology and Hydrology, — A long and important discussion took 
place on the order ana classification of the climatic stations. Reports were read 
from the meteoric-hygienic observatories established under the auspices of the 
Society and of the civic authorities in Naples, Turin and Padua. A report was 
read ij Prof. Roster, of Florence, on the daily and systematic anidyses which 
he had made of the carbonic acid and of the soil of Florence in 1886. A long 
diacnsaion took place on the results obtained by Father Siciliani on the connection 
between the level of the water in ponds and the atmospheric pressure ; and the 
Report of Prof. Bellucci, of Perugia, on the experiments whicn he had made on 
the salt contained in rain-water, was listened to with great interest 

Geodymamiet. — Several papers were discussed with reference to this important 
branch of science, amongst others being a lecture by Padre Bertelli, of Flor- 
ence, in which the theory admitting electricity to be the prime cause of earth- 
quakes is discussed, showing its improbability. Afterwards Padre Denza read a 
paper on the violent earthquake of 1887, and a discussion took place on the 
•eumo-meteoric observations made at the Observatory of Pozzuoli, established 
and maintained by Prof, de Luca. Regulations were adopted for a better order 
of seismic observations at the stations of the Society. 
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Abercromby's '*Sea8 and Skibs in Many Latxtudbs.**^ 

This is a very interesting and readable book, and contains accounts of Toyages 
to Tarioos parts of the world, some of which were out of the beaten tracks of 
ordinary travellers. 

Mr. Abercromb^^s special object in making these voyages was to inyestigate 
the phenomena oi the sky and weather in vanous parts of the world. The pages 
of tnis Quarterly Journal have from time to time contained papers by ILr. Aber- 
cromby on the observations of clouds, weather, &c which ne has made durins 
his travels. These and many other meteorological phenomena which he observed 
are all noted in this book. The whole is put together in a narrative form with 
an account of the countries, people, &c, wfiich the author visited. The woik is 
divided into 23 chapters, wnich describe voyajB^es to Canada, Egypt, Austnlia, 
Caledonia, Fiji, Among the Islands, In the Pacific, New Zealand, Rounding Cape 
Horn, within Uie Arctic Circle, Archangel, Cape of Good Hope, Maoritins, Ceylon, 
The Himalayas, In the Hills, Borneo, In the Jungle, GK>manton, ManUai In the 
China Seas, America, and Washington. 

The book is nicely got up and printed, and is copiooaly iUoatrated. 



Grbblt*8 " Akbrican Weathbr.** 

This is really a handbook of meteorology, from the point of view of weather, 
and with citations of facts taken in great measure m>m American sources ; at 
least almost all the charts are of the distribution of phenomena over the United 
SUtes. 

The volume is an interesting one, and the points which distinguish it from 
ordinary handbooks of the science, are the chapters relating especially to the 
work or the Signal Office. These are the chapters respectively on Low Area 
Storms ; Cyclones and Hurricanes ; High Area Storms ; Cold Waves and Blia- 
sards ; ana on Tornadoes. 

Qen. Greely ffives the following list of principles which he considers to have 
been establisned in the practice of forecasting in the States. 

'* 1. In case of doubt, and where the temperature is abnormally high or low, it 
is safest to assume that the temperature will tend to return to its notmal and 
seasonal condition. 

" 2. When the winds along the Gulf coast, or Atlantic seaboard, have blown 
from the ocean for twenty-four hours, even if the cloud formations are not large, 
rain may be assumed, with considerable accuracy, to follow within the enaning 
day. 

** 3. Whenever the United States is covered with a barometric pressure below 
the normal, and no sharply-defined storm centre is present, Uie chances pre- 
dominate that existing weather conditions will drift slowly, and witii skght 
changes, from the Mississippi Valley to the Atlantic coast. 

^ 4. Whenever in uncertain conditions the barometer rises in the south-western 
part of the United States, the weather to the north and east .will soon dear, 
without there are decided and obvious reasons to the contrary. 

"5. Cyclonic storms which enter the United States to the westward of the 
Mississippi River rarely recurve to the eastward, but may be expected to pass 
inland and die out within the confines of the continent. 

" 6. Cyclonic storms, with paths entirely or largely in low altitudes in winter, 
may be expected to be followed by prolonged cold periods and severe cold waves 
for the country eastward of the Rocky Mountains. 

" 7. When precipitation in advance of a cyclonic storm centre is less than the 
average in any quarter, even though it be the path usually followed by such 
storms ; it is best to predict that the centre will not move in the direction of 
deficient rainfaU. 

t Seat and 8ku$ IM M«fnr Latitudes, cr Wandertngt hi $mreh ^ WmAKur, By the Hon. Balph 
Abdrcnnnby. London^ 1889. 8to. 447 pp. 

s ^flMfiewi WMtkmr, By Oeocnl A. W. Oreely. Sto. 188 pp. with 193 EograTiagi ind H Gharts. 
NewTork. DQdd,Mwd*Oo. 1888. 
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" 8. Wheneyer temperatnre is a few degrees abore the freezing point, slight 
changes of temperature should be predicted rather than a fall, unless conditions 
are yery decided, and vtV^ versd when the temperature is slightly below freezing. 

^ 9. Hurricanes should not be expected to decidedly control the wind circular 
tion more than 100 miles, nor induce excessiye rainfall more tluui 200 miles from 
the centre. 

" 10. Unless the barometric gradients are yery steep, or the thermometric 
gra^ents yery great in advance of an anticyclone, it should not be expected to 
pass oyer eyen low mountain ranges without material modifications of its force, 
■o that cold wayes to the eastwara or southward of mountain ranges should be 
predicted with caution. 

'^ 11. When low areas deepen as they advance, the predictor should anticipate 
ft corresponding increase both in the yelocity of the cyclonic winds in easterly 
quadrants and m the translation of the storm centre." 

We think that most of our readers will agree with us that in the statements of 
these principles there have been a number of saying clauses introduced so that 
no positive recommendation is made. Moreover, in 10, gradients are spoken of 
is " steep '* and *' great,*' but no numerical definition of these terms is vouchsafed. 

One statement (on p. 2G9) as to the prediction of hoar-frost is capable of being 
tested here. The words are, " A safe and simple rule to follow when the tem- 
perature is about 50° or below, is to multiply the difference between the readings 
of the thermometer W 2*5, and when the sum thus obtained is subtracted from 
the reading of the ary thermometer it leaves the approximate degree to which 
the temperature of the air will fall the coming night, unless change of wind to 
a moister quarter or increase of cloudiness interferes." 

Here again the author fails to say at what hour the readings of the dry and 
wet-bnlb thermometers are to be taken, or what minimum temperature is to be 
predicted, that in the screen or on the grass. 

In the matter of predictions of seasons we read at p. 270, " There are apparently 
good grounds for believing that general laws can be deduced bpr which for certain 
parts of the globe it will be possible, from abnormal distributions of atmospheric 
pressure, to predict for prolonged periods in advance the general character of 
the comiuff season, as warm or cold, and wet or dry. Unfortunatel;^ for America, 
it seems that, owing to the easterly drift of the atmosphere, the ultimate chances 
of such predictions are better for Europe and Asia than for this continent.** 

Inasmuch as the ultimate results of such predictions in the old continent have 
been as yet total failures, we must pat the probable result for the United States 
mt a minus quantity. 

We notice a few slips ; Reaumur's name is always spelt Reamer, and a name 
veil known and much respected in this country appears as Sir James Glashier. 

The text is illustrated by a number of engravings of instruments, &c., in 
addition to the charts. The execution of the cuts is very far from satisfactory. 



Pinley's " Tornadoes."* 

Ws most of OS know the criticism on Browning*s Sordello, to the effect that 
the first and last lines of the poem are both false. They are respectively, 

' Who wills may hear 8ordello*s story told,' 
and 

' Who would hath heard SordeIlo*8 story told.* 

We might almost say as much of Lieut. flnley*8 treatise. He does not tell 
us what tornadoes are, and his chief recommendation for escaping them is to 
go into a cellar. He tells us that tornadoes generally appear in the South-east 
quadrant of a depression, and chiefly occur in the warmest season, and that they 
are found principally where currents of air of different temperatures come into 
collision. 

The signs given for the approach of a tornado are : — 

1 TaruadM^—Wkai tluy arf^ and how to eaeape them : with praetlcai wggutiont f^r the protection ef 
ife emd ftopertff, Bj Ii«ut. John P. Finley. Washmgton, 1 887 . 



1^ COBBESFONDENCE AND NOTES. 

1. The preyalence of Southerly winds, with a gradnal bnt continued increase 
of heat and moisture. 

2. The sudden appearance of ominous clouds, first in the South-west, and then 
almost immediately in the North-west and North. 

A tongue of cloud then appears dipping down, and the tornado is formed. 
Lieut Finley says that from the time you see this tongue of cloud, you have 
•ome 40 seconds to escape in which you can run 200 yards, and you must not 
run in any easterly direction. Yon must avoid trees or buildings, and if you 
eannot get under ground, fall flat on your face on the earth, witn head to the 
east. The only absolute security is to be found in a tornado cellar. We submit 
that Lieut Finley cannot be said to have fulfilled either of tiie undertakings in 
his title. 



RECENT PUBLICATIONS. 

Ambbioan Mbteobolooioal Joubnal. a Monthly Beyiew of Metoorology, 
Medical Climatology and Geography. Vol. Y. Nob. 6-8. Oetober- 
December 1888. 8vo; 

The principal original articles are : — ^The orcnuiisation of the Meteorological 
Service in some of the principal countries of Europe, by A. L. Kotoh (19 pp.). 
The author in this paper gives an account of the .service in Ruasia^ — ^llie influ- 
ence of forests upon the rainfall and upon the flow of streams, by G. F. Swain 
(23 pp.). The author considers that the removal of forests tends to increase the 
violence of freshets, and to increase the ratio of the maximum to the minimum 
flow, which ratio is an index of the variability of the stream. But it ia extremely 
doubtful whether it can be proved that the removal of forests decreases the total 
quantity flowing off ; and the author refers to the diflBculty of proving or die- 
provine such statements. — ^Tomadoes and Derechos, bv Dr. G. Hinrichs (20 pp.). 
The " derecho '* is a powerfully depressing and violently progressing mass of cold 
air, moving destructively onward in slightlv divergins straight lines, generally 
towards the south-east (in Iowa), with the storm-cloud front curving as the 
storm-lines diverge. The barometer bounds upwards and the thermometer falls 
greatly under the blow of this cold air of the upper strata suddenly striking the 
ground. The derecho will blow a train of cars rrom its track, unroof, overturn 
and destroy houses ; but it does not twist the timbers into splinters and drive 
them firmly into the hard soil of the prairie like the tornado. — JDiumai olond aiid 
wind periods at the Blue Hill Observatory during 1887, by H. H. Clayton (11 pp.). 
— Average velocities of low-area storms and upper air currents in the United State% 
by Gen. A. W. Greely (4 pp.). 

Annales dv Bubbau Centbal MArtoBOLooiQUE DE Fbangb, public par 
E. Masoabt, Directeor da Bureau Central M^t&)rologiqne. Ann^ 1886. 
I. M^moires. 4to. 1888. 

This contains, among other information, the following articles: — ^R^sorn^ des 
orages en France et de TStat de Tatmosph^ pendant Tann^ 188§, par M. Fron 
(16 pp. and 20 plates). — Remarques sur les cartes sjmoptiqnes, par M. Rollin 
(30 pp. and 9 plates). — Etude sur la marche des ph^nom^nes de la v6g6tation et 
la migration des oiseaux en France pendant les ann6es 1884 et 1885, par A. Angot 
(48 pp. and 8 plates). — Etude sur le climat de Saint-Martin-de-Hinx, d'apr^ les 
observations de M. Carlier, par A. Angot (64 pp.). This is a discussion of 22 
years* observations 1865-1886. — Sur la provision du temps ; conditions actnelles 

et moyens de Tam^liorer, par L. Teisserenc de Bort (20 pp. and 11 plates). 

Etude sur le climat de Hu6 (Annam), par Dr. Simon (16 pp.). The observations 
discussed in this paper extend over the 6 years 1881-1886. 

Annuabio Meteobologioo Italiano. Pabblicato per eara del Comitato 
Direttivo della Societa Meteorologica Italiana. Anno lY. 1889. 8yo. 
804 pp. 
In addition to much useful information, this contains many interesting articles 
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among which may be mentioned : — Early Italian aeronautical knowledge, by 
Padre P. Denza (14 pp.). — The earth and the atmosphere : The prevailing winds, 
by C. De Giorgi (8 pp.). — Photographic measurement of the altitude and direction 
of clouds, by Padre (i. Lais (9 pp.). — Whirlwinds in the atmosphere, by A. da 
Schio (10 pp.). 

Instbuctions fob making Meteobolooical Observations, prepared fob use 
IN China ; and the Law of Storms in the Eastern Seas. By W. 
DoBERCK. (China. Lnperial Maritime Customs. U. Special Series. 
No. 87.) 4to. 1887. 88 pp. 

These Instructions have been issued for the information of meteorological 
observers in the Treaty Ports of China, which extend as far north as Newchwang, 
and as far west as Ichang and Pakhoi, and also for the use of commanders of 
vessels of all nationalities frequenting the China Seas. The work would have 
been more valuable if illustrations had been given of the various instruments. 

Instruktion fur DIE Beobachter an den meteorolooischen Stationen II., 
m., and IV. Ordnung. 8vo. 1888. 77 pp. 

These Instructions have been issued for the use of the observers in connection 
with the Royal Prussian Meteorological Institute, and have been prepared by Dr. 
Hellraann, Dr. Sprung, Dr. Assmann, and Dr. Kremser. The work is illustrated 
by 29 cuts, showing the various instruments and how to read them. 

MzMOBIE DELLA B. AoCADEBfIA DI SciENZE, LeTTEBE ED AbTI DI MoDENA. 

Vol. VI. Serie n. 4to. 

Contains a paper by Prof. D. Ragona, entitled " Vero andamento diurho della 
temperatara " (27 pp.). 

Meteobologisghb Zeitschbift. Herausgegeben von der oesterreichischen 
Gesellschafb fiir Meteorologic and der deutschen meteorologischen 
GeseUschaft. Redigirt von Dr. J. Hann und Dr. W. Koppen. October- 

^ December 1888. 4to. 

The chief articles are : — Klima das Ben Nevis in NW Schottland, von A. 
Woeikof (9 pp.). This is a summary of the various papers on the results from 
Ben Nevis which have been published by Mr. Buchan and Mr. Omond. — Ueber 
das Gesetz der Absorption der Sonnenwarme in der Atmosphare, vom O. Frolich 
(9 pp. and plate). — Bewegung der Cyklonen und Anticyklonen im November 1884 
in der Umgebung des Nordatlantischen Oceans (4 pp. and plate). This is a 
reproduction of two of the charts of the weather over the Atlantic which appear 
regularly in the Viertel-Jahrs- Wetter -Rundschau of the Deutsche Seewarte. — 
Gewitterelektricitat und gewohnliche Luftelektricitat, von L. Sohncke (13 pp.). — 
Beobachtungs-Ergebnisse der norwegischen Polarstation Bossekop-Alten (6 pp.). 
— Ueber die Abrundungs-Fehler meteorologischer Zahlen, von J. Kleiber (9 pp.). 
— Die Bestimmung der Durchschnittstemperatur durch das Gewicht von ver- 
dampfter Fliissigkeit, von W. Muller-Erzbach (7 pp.). This is a new method 
for determining the average temperature of the air for a definite interval of time 
by the amount of water evaporated during that interval. The water is contained 
in a glass tube blown into a bulb at one end, and the whole is suspended inside a 
large closed vessel, partly filled with sulphuric acid, to absorb the vapour. The 
determination is made by the loss in weight of the glass tube. The author claims 
considerable accuracy for the process. — Ueber die vertikale Abnahme des Luft- 
dmckes and der Temperatur, von A. Sprung (10 pp.). This is an investigation 
of the question whether the vertical decrease of temperature in the atmosphere 
takes place in geometrical progression, as maintained by some physicists, or in an 
arithmetical progression as Hann showed in 1874. Dr. Sprung investigates the 
way in which the first-named mistake has arisen. — Ueber die Gestalt der Isobaren 
in ihrer Abhangigkeit von Seehohe und Temperatur-Vertheilung, von W. Koppen 
(11pp.). This is an endeavour to construct isobars at a high level from the 
known rates of decrease of pressure with height under different conditions of 
temperature. In front of a depression the temperature is high and in the rear 
low, the distribution of pressure at a level of say 2,500 meti*es is therefore cou- 
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siderably modified in accordance with definite principles. Dr. K5i4>en hopes at 
a future time to produce charts of high level isobars for the whole globe. 

Proobahm des K.K. Obeb-Gtmnasiuus zu Ebbmbmumbteb. 1888. 8to. 

Contains a paper by Prof. C. Wagner entitled " Niederschlago und (}ewitter 
zn Krem^munster *' (32 pp.). This gives the monthly and annual rainfall for the 
67 years 1821-87, and the number of days of thunderstorms in each month for the 
86 years, 1802-87. 

SiMONB'g MoNTBLLT Mbteobolooioal Maoazixb. YoL XXIII. Nob. 274- 
276. Noyember 1888-JaDuary 1889. 8vo. 

The principal articles are : — An improvement in anemometers, by H.C. Raaaell, 
F.K.S. (1 p.). — Great rain at Geneva, October 2nd-3rd, 1888 (3 pp.). — Lightning 
and its e£Eects, by H. J. Lecky (2 pp.). — Mr. Abercromby's Trayels (2 pp.). 
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ON FOGS. 

An Address delivered at the Annual General Meeting of the Royal 

Meteoroiogioal Sooiety, on January 16th| 1889. 

Bt WniilAH MABCET, M.D., F.B.S., Pbebxdent. 



Ome day m July 1878, 1 stood on the Peak of Tenerife, 5,500 feet above 
sea-leyel, haying jost emerged from the thick damp fog which snrronnds its 
bftse, like a belt in mid-air. A few minutes before, the well-defined red disc 
of the son had announced the near approach of the upper level of the fog; 
then the solar heat began to tell, and presently I found myself in a clear 
atmosphere upon the very brink of a sea of clouds. The view was remark- 
able indeed, — a light breeze lifted and carried away the delicate tangled 
wreaths of condensed moisture — hero encircling each other; there racing in 
a strai^t coarse; now curling over and over, and soon vanishing into thin 
air. What surprised me most was the unchanged appearance of the fog- 
lerel — while speedily absorbed into the dry air of the higher atmosphere, 
still the level of the fog continued exactly the same ; hence the fog was being 
renewed from the sea below precisely at the same speed as it disappeared in the 
air above. How are we to account for this fog* stratum, 2,800 feet in thickness. 
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oonsianily forming and dissolving, though unchanged in its appearanee ? The 
temperature of the sea in the 28th degree of north latitude, that of Tenerife, is 
what wo should call very high, ranging between 75^ and 80°, conseqnentlj 
the evaporation from the surface of the Atlantic near that island is considerable. 
Damp air being lighter than dry air, a mass of lighter air ascends from the 
sorfiEtce of the sea, which presently meets with the cool, damp, North-east 
Trade Wind, and at a height of about 8,000 feet the vapour fit)m the sea 
condenses into fog. This fog is white, very dense, and very damp, and 
throughout its extent in depth the NE Trade is felt as a light breeze. 

I spent three weeks on the Peak above the fog, in a climate so hot that 
the sand felt too warm to allow of the prolonged contact of the hand with it, 
and the dryness of the air was such that the leather of our boots cracked and 
opened, the deal boxes of instrumonts split asunder, and the skin of our hands 
became white and scaly. The stock of meat we had taken with us showed 
90 sign of decomposition in the dry air of the Peak,' but was attacked by a 
^warm of flies, which most provokingly delighted in laying their eggs in it. 

On returning to the sea-side, when our stay on the Peak of Tenerife had 
pome to an end, it was with an indescribable feeling of relief and comfort we 
entered the fog-stratum, and filled our lungs with air charged with particles of 
pioisture. 

The essential conditions for the formation of a fog are illustrated on the 
Island and Peak of Tenerife; these are relatively warm water and a cooler 
atmosphere. 

The law applies to every source of vapour, whether this be sea, lake, river 
or damp soil. 

Sea fogs — ^frequent in autumn and spring — are owing, in autunuii to the 
water not having yet parted with its summer heat, and to the accession of 
cold air from the autumn season, which condenses the evaporated water 
from the sea. Spring sea fogs are due to damp, warm air, coming in con- 
tact with the sea, which still retains its winter cold. The most permanent 
and extensive sea fogs are probably those met with on the Banks of New- 
foundland. They occur at all seasons of the year, but are most frequent 
during the months of June and July. With Easterly winds they almost con- 
stantly prevail, with Westerly winds they are less frequent and of shorter 
duration. 

Their formation is clearly due to evaporation from the warm water of the 
Qulf Stream in Mid- Atlantic, while there is a wide current of cold water 
flowing from the north along the Newfoundland Coast, so that when Easterly 
winds prevail, the vapour from the Gulf Stream is wafted over the cold 
stream of water driving down from the north along the coast, and is con- 

^ The remarkable property dry air poBfleases of preserving animal food was shown in 
a remarkable degree when, some yearn before my trip to Tenerife, I was out bofEalo 
hunting on the American prairies of the State of Nebraska. We had an abundance of 
bufCalo meat hanging in strips to oar tents and the saddles of oar horses; no deoom- 
position whatever oooarred in the meat, and it slowly dried up, ever ready to be used 
as an article of food. 
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densed into fog. Mr. Scott, in his excellent treatise on EUnie7itary Meteo- 
i^logy, remarks with reference to Newfoundland fogs, ** that) they are often 
as sharply defined in extent as the hardest looking wool-pack clouds ; and 
it is not an uncommon phenomenon when a fog bank is lying off the Harbour 
of St. John for the bowsprit of a ship to be seen emerging from a fog while 
not a trace of the masts or hull is perceptible, and again at times the top- 
masts will be in bright sunshine while the crew cannot see from stem to 
stem on deck." 

Dense Atlantic fogs are not, however, limited to the banks of Newfound- 
land'; indeed, the most frequent locality of thickest fogs may, perhaps, be 
found on the northern side of the Gulf Stream. 

All oyer the Western Atlantic fogs only occur when the winds blow off the 
Golf Stream, that is from the southward ; when the wind goes to the North of 
West, they clear off at once. For these last particulars I am indebted to the 
kindness of Captain Wharton, Hydrographer to the Admiralty.^ 

Obviously fogs are checked by a state of excessive dryness of the air, 
sod do not form if the weather continues warm and dry late in the season ; 
thus it is that in such places as the Riviera, where the autumn and winter 
ten^peraturefl are high and the atmosphere dry, there is a conspicuous ab- 
senee of fogs. A similar remarkable freedom from fogs is observed at some 
mountain stations, such as Davos, the well-known winter sanatorium, in 
Bwitsserland, where the atmosphere is very cold and dry, and is not liable to 
flMbuiiture with damp air. 

Lake fogi, — ^The neighbourhood of lakes and marshes is very favourable to 
the production of fogs, especially places at some height above them, and in a 
relatively cold temperature. Thus the Ben Nevis Observatory, at an altitude 
of 4,406 feet, has the full benefit of the vapour arising from Loch Linnhe and 
lioeh Eil, and the three solitary inhabitants of this lofty post of observation 
have seldom a dear day. The daily weather article in the TiwM reports the 
air at that station as generally saturated, which means that it either rains, or 
snows there, or that the station is in a fog. 

It is a common occurrence upon the summit of the Bighi mountain in 
Switzerland to meet with dense white fogs ascending from the lakes of 
Lneeme or Zug ; and again, visitors to the Great St. Bernard Pass well know 
how often the long-wished-for view of the Convent or Hospice is cut off by a 
Ihiek fog. In this case the vapour does not take its origin from any neigh- 
bouring lake, but is carried towards the Alps from the Mediterranean Sea by 
the South and South-west winds. 

Bivtr fogs are of frequent occurrence, and in the cold damp air of early 
morning the windings of a stream may be seen from above clearly mapped 
ont by a well-defined line of fog. While ascending the Nile, on board a 
dahabeeyah, in the winter of 1886, 1 had opportunities of observing the fog 
which often forms about sunrise on that mighty river. On February fi^^ 
having left Cairo the previous evening, there was a fog at sunrise over 

^ V$wfinmdkmd <md Labrador Pilot, Second Edition. 
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the river whieh lifted about 8 a.m. The temperature of the water of the Nile 
was then 68^*8, and the miTiimnm temperature of the air the night before, 
corresponding nearly to the time the fog was observed, was 45^*8 — a difference, 
therefore, of 18^ in temperature between the water and the air, fuUy account- 
ing for the condensation of vapour. February 6th was again foggy in the 
early morning. On February 24th a fog rose from the South at 6 p.m., 
while to the North the air was perfectly clear; indeed, fogs are frequent on 
the Nile up to about the latitude of Eenneh, say 26^7' N. But the most 
interesting river fog I ever witnessed was on the Thames on October 27th 
last, when I happened to be spending the day at Greenhithe. There was no 
fog in the morning on the high ground above the river, and the air was 
absolutely still ; but the Thames was covered along its many windings with 
the thickest white fog imaginable ; so much so that boats moored close to the 
bank could not be seen. The masses of condensed vapour rose, however, to 
no great hei^t, as the tops of the tallest masts just appeared now and then. 
From the invisible track of the river there issued such a diversity of sounds 
as to baffle every description. The loud, clear notes of the steam fog horns, 
the tolling of many beUs, and the unearthly drumming of a huge gong ou 
board an absolutely invisible dredger close by, all united in strains most 
novel, though certainly not harmonious. Then suddenly, as if by magic, 
the fog disappeared ; it did not lift nor was it blown away, but it simply 
vanished in a light Easterly breeze. Stillness now prevailed, though the 
bustle on the river was at its height ; large steamers on their way to the sea, 
barges, yachts, were all on the move, and how they had steered clear of each 
other in the fog (if under way before it lifted, as they seemed to be) was 
quite unaccountable. 

There is a form of fog called by Herschel radiation fog, which forms when, 
on a clear evening, the ground parts rapidly with its heat by radiation, causing 
a marked fisdl of temperature. If the soil be damp or marshy the air becomes 
saturated near the earth*s surface, and the cold increasing, a low fog appears, 
rising but a few feet above the ground. This is of common occurrence in flat 
and low districts. 

Waterfall or Spray Cloud, — ^You must now allow me to allude to the very 
peculiar and I believe constant cloud which forms over great waterMls. At 
a considerable distance from the Falls of Niagara, and long before the mighty 
roar can be heard, a mass of cumulus cloud is visible hovering over the 
Falls. The height of the Falls on the American side is about 164 feet, and 
on the Canadian side 150 feet; the waters plunge into an abyss 1,000 feet 
wide, and the spray rises to a great height, but there is a clear space between 
the spray and the cloud. 

The Victoria Falls of the Zambesi, discovered by Livingstone, most, I 
conclude, exhibit a cloud similar to that over Niagara. It will be seen that 
Livingstone in the following account infers the existence of the cloud without 
having distinctly observed it. *< About 20 minutes' sail from Ealai we 
came in sight for the first time of the columns of vapour appropriately called 
* smoke,' rising at a distance of five or six miles, looking exactly as when 
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large tracks of grass are burnt in Africa. Five columns now rose, and bend- 
ing in the direction of the wind, they seemed placed against a low ridge 
covered with trees ; the tops of the columns in this distance appeared to 
mingle with the clouds, they were white below, and higher up became dark, 
80 as to simulate smoke very closely. The Falls are known by the name 
* Mosi-oa-Tunya,' which means " smoke sounds there," from the admixture 
of the noise and spray." 

The Victoria Falls are formed by a stupendous crack or rent with sharp 
and almost unbroken edges, stretching right across the river. The cliff is 
860 feet in sheer depth, and close upon a mile in length. Into this chasm of 
more than twice the height of Niagara the river rolls with a deafening roar, 
sending up vast columns of spray, which are visible from a distance of twenty 
miles. 

Town Fogs, — In general, the less said about an unpleasant companion we 
have to put up with, the better ; we cannot honestly speak well of him. So 
it is of town fogs. In the Polar regions, where sunlight is impossible for 
months throughout the winter, the bright Auroraa shine pleasantly ; but 
in our towns we have no substitute for Auroras but gas-lights, and these 
are actually invisible in our dense black fogs. The absorbing power of such 
fogs for light is a physical phenomenon none the less remarkable because 
it is common ; no night, ever so dark, can compare with the shades of one 
of our intense London fogs. Such fogs often accompany a rising barometer, 
and are frequently dry in their character. I mean that although, as a 
rule, air is saturated with moisture in a fog, it is often not so in particular 
instances. Prof. Frankland, F.B.S.,* made some very interesting experiments 
on the influence of coal-smoke on foggy air, and found that water, when its 
Bailee is covered with a film of coal-tar, evaporates much less readily on 
that account. The results of these experiments explain the production 
of dry fogs. In a Lecture at the Royal Institution the same author re- 
marks that the fog once formed is rendered more consistent by the coating 
of tarry matter which the fog particles receive from the products of the 
imperfect combustion of smoky coals. 

December is the usual time of the yearly occurrence of our town-fogs, 
dearly because of the summer heat retained by the soil, coupled with the 
accession of cold of the autumn season ; and it is obvious that heavy rains in 
November will promote this phenomenon in no small degree. People in 
London have their own grievances against London fogs, while our friends 
abroad fancy that London is buried in a dense fog most of the year. I may, 
perhaps, be allowed on the present occasion to recall a rather curious personal 
experience. Some years ago, about 8.80 p.m. one afternoon in December or 
beginning of January, in one of the densest fogs, I walked with my son along 
the south side of the Serpentine from the bridge to Hyde Park Comer. 
There was a thin coating of ice on the water, and as we could not see the ice 
wo had to keep touch with it by means of our walking sticks to prevent 

1 On Dry Fogs, by E. Frankland, D.C.L., F.B.S.. Proceedingi, Ray, Soc. 1878. 
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getting lost. Every now and then we were conBoioas of being near a tree 
and overhanging branches, or we thought so, bat on hitting at the objects 
with onr sticks we touched nothing solid ; trunks of trees and branches were 
distinctly seen both by myself and my son ; we pointed to the objects and 
described them, so that there could be no doubt we saw, or thought we saw, 
the same trees and the same branches, yet there were no trees and no branches 
when we struck at the simulated objects, or felt for them with our hands. 
This phenomenon, confirmed by two independent observers, is, I think, 
worth recording. A friend told me he was once deceived, precisely in the 
same way, in a fog, and some of my hearers may have made a similar obser- 
vation. 

I am sure you will be interested to know the main cause of our London 
fogs. It is a well-known fact in meteorology that cold air on the top of hills 
being heavier than the warmer air below, shdes down the slopes so that the 
lower parts of hill sides are actually colder than the plains at some distance 
from the hills. Now London, lying in the Thames valley, is surrounded by 
hills — to the North, Highgate, Hampstead and Harrow; in a Westeriy 
direction, Putney and Wimbledon ; and in a more Southerly direction. Clap- 
ham and Sydenham. The air is colder on these hills than in London with its 
millions of inhabitants, its coal fires and factories, hence it is heavier and 
will have a great tendency to slide down towards the town and the river. 
Should the air in town be on the point of saturation, and the cold air from 
above saturated with vapour, it is obvious that the increased cold from above 
will produce a precipitation of moisture, and it will come to pass that a fog 
is produced. If the hill-tops be not only colder than the air below but en- 
veloped in a fog, it stands to reason that the fog below will be all the denser, 
and especially in the neighbourhood of water, such as the river Thames, and 
the ornamental waters in the Parks. 

The following is a case in point. On December 81st last London was 
visited by one of the densest fogs I have experienced. On waDdng to the 
Putney Railway Station from Wimbledon Park at half-past ten o'clock in the 
morning, I met with a clear white fog. It apparently reached to no great 
height, and interfered but moderately with light, as I could read the Times 
newspaper quite easily in the train, through tinted glasses. On Wimbledon 
Common the mud and puddles were frozen, and the temperature must have 
beQU somewhat below 82° Fahr. Beaching town a few minutes after eleven 
o'clock, I found the streets comparatively warm, with no signs of frozen mud, 
but the fog had considerably increased and was becoming yellow. Towards 
the middle of the day it subsided, and in some parts disappeared, but shortly 
after six p.m. it returned with increased - intensity, and then was witnessed 
one of those atmospheric phenomena calculated to rank as a positive calamity ; 
darkness reigning supreme, traffic suspended, and people groping their way 
through the streets as if they had lost their sense of sight. As I was walking 
to Victoria Station, on my way home, between 7 and 8 p.m., the temperature 
appeared to mo to be remarkably mild, and there was no sign of frost any- 
where. At Putney I felt quite chilly, while on Wimbledon Common I found 
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ilie mad frozen hard and the paddles covered with ice. On reaching home 
in Wimhledon Park, I at once examined my thermometers in a Stevenson 
seroen ; the temperatare observed was 24^'5| or 7^*5 below the freezing point. 
The fog had not yet lifted, and was indeed very thick. The weight of a 
enbie foot of air at a temperatare of 24^*5 is 555*5 grains, while at 40^ — ^the 
approximate temperatare of the London streets on that evening — a cabic 
foot of air weighs 587*5 grains, giving an excess of weight of 18 grains for 
the air on Wimbledon Common ; hence the cold foggy atmosphere on the 
Conmiont being heavier by 18 grains per cabic foot than the warm air in the 
London streets, slid downwards towards the Thames valley, contribating 
towards the dense fog in town. This same state of the atmosphere occorred 
all roand London. 

There are certain atmospheric phenomena resembling fogs, although of an 
entirely different natore. The air invariably holds dust in saspension, and, 
as shown by Dr. Tyndall, it is to this dast that we are indebted for the per- 
ception of light. When a ray from the san or electric lamp is projected into 
a dark room through air or water from which this dast has been removed, 
there is seen a break in the ray of light, and the space free from dast appears 
dark. Under certain peculiar conditions it so happens that this dust, though 
usually invisible, imparts to the air a hazy appearance. At all events, it is 
impossible to explain otherwise the peculiar haze which accompanies the 
North-east gales in the Geneva valley in Switzerland. On looking North- 
wards over the lake, towns and promontories about ten miles distant may 
disappear completely from sight ; while other points three or four miles off 
are enveloped in a thick mist. Yet the sky is cloudless, and the air is dry ; 
indeed, the North-east or North-north-east wind, called *'the bise," is 
peculiarly dry. This haziness of the atmosphere attending the '* bise *' is so 
constant that persons in the habit of yachting and boating on the lake are 
able to judge from the intensity of the mist whether the wind is likely to 
increase or subside. If the haze increases, objects in the distance becoming 
less visible, the gale is pretty sure to continue ; while a clearing up of the 
atmosphere is a sign that the wind is not likely to last. This atmospheric 
phenomenon has been described by Dr. Henry Bonnet, of Mentono, in the 
local paper of Evian, the well-known bathing resort on the French coast of the 
Lake of Geneva. 

There is also, or to speak more to the point, there must be, a condition in the 
atmosphere approaching to a mist, wot or dry, if we wish to account for certain 
remarkable shadows occasionally seen in the mountains. This is certainly 
one of the most extraordinary and ghostly of the natural phenomena of the 
atmosphere. From my camp at Alta Vista, on the Peak of Tenerife, at an 
altitude of 10,700 feet, I used to see, just before sunset, the shadow of the 
Peak cast by the setting sun ; it floated in the atmosphere on a sea of clouds, 
some portion of it hovering, perhaps, over the island of Grand Canary. The 
terminal cone was invisible from my station, which faced the East, but the 
mighty and imposing shadow of the Peak, with its summit clearly defined, 
was clearly projected eastwards, at a few miles distance. The shape of the 
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shadow was very like an elevation view of the Peak, bat there were peenliar 
dark smoke-like rays issuing from the enlminating point, which eonld not 
possibly be accounted for. Others have observed this same shadow, and 
Mr. Abercromby alludes to it in the interesting narrative of his meteorological 
observations on the Peak of Tenerife, which he communicated to the Society 
some short time ago. 

But this is not a soKtary instance in my experience of ghost-like shadows 
forming on some invisible material. A similar phenomenon occurred one 
night in August 1887 in the valley of Zermatt. I was in the drawing-room 
at the Hotel de Zermatt, about 10 p.m., when, looking out of the window 
towards the Matterhom, I was surprised to see the image of that magnificent 
rocky pinnacle thrown on the left-hand side at a small distance from it. There 
was absolutely nothing to be seen behind this shadow on which it could have been 
east ; the sky was clear and the stars shone brightly, while the edges of the 
Matterhom itself were fringed with the bright light of the moon, which was 
rising behind it. Was this a shadow owing to the rising moon, as it appeared 
to be ; or was it a phenomenon of mirage, owing to differences of temperature 
in the atmosphere ? I cannot tell, but, oddly enough, there were the same 
dark smoke-like rays I had seen at Tenerife, floating like a pennant from the 
summit of the shadow. I called the attention of a distinguished painter, who 
happened to be in the room, to this remarkable phenomenon. He had never 
seen it before, and was much struck by it. 

Fogs and clouds are one and the same thing. A cloud when entered into 
is found to be a fog, and a fog seen from a distance, suspended in the air, 
becomes a cloud. It may occur to my hearers to ask a question I have often 
put to myself, viz. What gives the clouds their definite shape ? Why are 
some of them we call * cumulus,' rounded, fleecy, and woolly in their charac- 
ter; while others, known as < stratus,' are long, flat, and heavy ? And, again, 
Why do some clouds, distinguished by the name of ' cirrus,' assume a light, 
delicate, lace-like appearance ? These are questions very difficult to answer. 

I have a vivid recollection of a certain day on the Peak of Tenerife, while 
lying on the sand under a wooden shed I had erected, like a huge parasol, 
as a screen against the dazzling sun, when suddenly I became aware of a 
minute, white, round cloud floating in the dark-blue atmosphere at a con- 
siderable height, and looking like a balloon or a ball of cotton wool. For a 
fortnight I had not seen the vestige of a cloud, and the air continued persist- 
ently dry. The little cloud I was looking at was absolutely alone in the 
sky, quite motionless, and there it remained for a few minutes, neither getting 
larger nor altering in shape. Then it began to fade, and in a twinkling had 
disappeared. What had given rise to this cloud ? How could an accession 
of vapour have occurred at that very spot in the atmosphere ; or could there 
have been a fall of temperature thus localised in mid-air ? The book of 
nature, opened to all, affords a study delightful though difficult, and many of 
its pages are written in an unknown language. It is our duty, however, and 
a pleasant one, to read that book and try to understand it, rejoicing over 
ever 80 little it may be in our power to master. There was a meaning in that 
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small oload I had seen high np in the air, from the Peak of Tenerife ; the 
homidity of the atmosphere was increasing, and this accession of moisture 
i^peared to come from above. The next day I shifted my camp, and rose 
from 7,000 feet to 10,700 feet. At this second station the air was much less 
dry, which was clearly shown by hygrometer observations ; and also from the 
fact that my stock of fresh meat, which, so far, had resisted decomposition, 
eommenced to decay. Finally clouds formed low in the sky. 

The shape of clouds must, of course, be due to definite laws of nature. The 
Alpine climber, having turned out in early morning, anxious to investigate 
the state of the weather, may see heavy masses of clouds in the valley below 
him, rising slowly and straight up. By degrees they expand and look 
thinner and lighter ; then they seem to hug the crest of the mountains in 
round fleecy masses, and soon disappear. This form of cloud is owing to 
a faXL of temperature produced by radiation in the damp valley, and to the 
heavier cold air from the mountain summits sliding down the slope into the 
hollow. The mist disappears in the drier air as it ascends ; and this is, of 
eonrse, a sign of fine weather. At times long dense clouds are visible ; their 
form, I apprehend, is owing mainly to the action of the wind, coupled with 
certain conditions of atmospheric humidity, and it will be found that generally 
the long axis of such *' stratus '* clouds moves transversely to the direction 
of the wind. The clouds called ** cirrus," forming at altitudes of about 
16,000 feet and higher, and remarkable for their delicate texture, are sup- 
posed to be composed of masses of small crystals of frozen moisture. In 
rain-clouds, or ** nimbi," there must be a great cohesion in the particles of 
vapour, due to an accession of cold. 

Mr. Glaisher, in his book on balloon ascents, has given beautiful illustra- 
tions of clouds seen from above, but such views may be had from any 
elevated spot, such as a mountain summit or a high hill. The upper surface 
of a fog is admirably defined. It has the appearance of a white sea with 
hoge billows rolling over it, but the waves are still, and their spray is caught 
np in mid-air. The eye wanders far and wide, and yet there may be no break 
in the sea of clouds. No objects appear in this vast and silent ocean, but 
stay — an immense mass of snow floats yonder in the distance ; you expect to 
see it tossing about on the disturbed waters, but no — there it rests motionless, 
unchanged. Further does the eye reach, and the waves look smaller and 
smaller in the distance ; but lo I the scene is changed, — ^there, as far as the 
sight can carry, the water is smooth, the setting sun is reflected upon it, and 
glows in such a peculiar way as to make the picture resemble a vast ice-floe 
of the Polar regions. By degrees a pink haze extends over the ice, merging 
higher and higher in the sky into yellow, green and blue. Simulated snow 
hillocks in various directions now take up those beautiful shades of red and 
pink peculiar to mountain scenery above the snow-line ; but the sun is near 
setting, and the lovely colours dissolve into a most delicate mauve; the 
shades of evening now envelop this enchanting but ghostly scene, and nothing 
is left of it but a bright pink line extending all over the visible horizon. This 
lasts but a minute or two, and then fades away into darkness. 
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Sometimes lower hills, or trees, peep oat of this sea of fog, looking 
exactly like so many islands, and it may also happen that the fog abutting 
against a monntain-side or hill-slope, will give a pictore of the sea with its 
silent waves breaking on the shore. Again, a rent may appear on the smooth 
clond-sor&ce, into whieh the mist is precipitated like a foaming torrent. 

Snch views of fog-levels are not nncommon in the mountains, bat nowhere 
have I seen them so perfect as from the Peak of Tenerife, where tiiey were 
repeated every day with varied forms and varied colours. 

The physical properties of fogs now claim our attention, and I cannot 
help giving a passing notice to the beautifal and gracefol deposits of frozen 
mist in a cold winter day on all objects out-of-doors, especially trees and 
grass. As the fog continues in the frx>sty air, so does the mass of sparkling 
crystals increase in thickness round every bough and twig until the dark stick 
has nearly disappeared under a spotless coating of hoarfrost; and the leaves 
of hollies and rhododendron bushes become fringed with lovely wreaths of 
long needle-like crystals. 

An interesting property of fog, too often overlooked, is the power it pos- 
sesses of checking the loss of heat from the soil by radiation. On a fine clear 
evening at sunset a well-known sensation of chill is often experienced, and 
the ground undergoes a rapid loss of heat. In countries where the air 
is particularly dry and clear, such as the coasts of the Mediterranean Sea, Cairo 
in Egypt, and many places in Italy, the cold experienced at sunset, owing 
to the earth parting with its heat, is acutely felt. On the Peak of Tenerife, 
above the fog-level, although in the middle of the month of August, with a 
suffocating heat in the daytime, I was unpleasantly conscious of cold at night; 
and any water left outside the tent overnight was found frozen into a solid 
mass of ice by the following morning. An increase of atmospheric moisture 
acted as an immediate check to this loss of heat, and when towards the end 
of my stay on the Peak the air became damper, the nights were much less 
cold. Now, when atmospheric humidity forms into clouds, and especially 
when the sky is overcast, the earth loses its heat in the evening much less 
rapidly than it does under a clear sky; in fact, the chilly sensation ex- 
perienced after sunset is hardly noticed at all. A fog also checks terrestrial 
radiation, although often, if not usually, productive of a sensation of cold. 
This chilly feeling is owing to two different causes : — first, the accession of 
cold to which the fog owes its formation ; and second, the fact that a fog or 
a cloud being a better conductor of heat than dry air, we feel cold in a fog, 
just as touching a marble slab or a piece of iron conveys a perception 
of cold. Still, a fog undoubtedly protects the earth from loss of heat. 
Autumn or winter fogs thus exert a most beneficial effect, being productive 
of a slow transition from autumn to winter, which makes up to a consider- 
able extent for the well-known deleterious effect of fogs on health, and is a 
boon to vegetation. 

Besides checking the emission of terrestrial heat into space, it has been 
shown by Dr. Russell that London fogs arrest, in a great measure, the diffu- 
sion of carbonic acid through the atmosphere, or in other words, they cause 
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AoetimiilaiionB of this noxious gas in our streets and in our houses, and no 
amount of ventilation can get rid of it. During a dense fog Dr. Russell found 
in the air just outside St. Bartholomew's Hospital more than three times the 
ordinary proportion of carbonic acid present in clear weather, and amounting 
to an extreme of 14 parts instead of 4 in 10,000. I obtained a somewhat 
corresponding result in the grounds of University College. On November 
8rd last, the fog having just cleared off, the proportion was 4*68 parts in 
10,000, that is slightly over the average ; but on December 11th last in a 
dense yellow fog it amounted to 10*4 parts in 10,000. Now carbonic acid is 
a normal constituent of the atmosphere, though varying in its proportion. 
While experimenting coi^jointly with Dr. Landriset, of Geneva, we found that 
when the air was quite clear under a blue sky the proportion of carbonic 
acid was the same near Geneva and on the summit of the D61e, the highest 
point of the Jura chain, the difference of level between the two stations 
amounting to very nearly 4,200 feet. The analyses of air were made at the 
same time at both places, so that the results are strictly comparable with each 
other. When the observer on the D6le found himself in a fog, which hap- 
pened on several occasions, the proportion of carbonic acid in the air fell 
below that contained in the air of the valley. Now there is this difference 
between a London fog and a fog or a cloud on a mountain summit — that in 
the case of the town fog carbonic acid gas is abundantly formed in the fog 
itself, mainly from coal fires ; while clouds on mountain tops are at a dis- 
tance from the source of the gas, and it has to come up from below and enter 
them. The outer layers of a cloud would absorb the carbonic acid of the air 
surrounding it, and leave but a relatively small amount to reach an observer 
inside the cloud. This explanation, though somewhat insufficient, is so far 
the only one which has been suggested. 

A very remarkable physical property of fogs is their power of transmitting 
sounds. They were thought to exert an opposite effect until Dr. Tyndall 
took up the subject in 1874, and finally communicated his results in a very 
interesting paper to the Royal Society. He began by experimenting, on a 
small scale, over the Serpentine in Hyde Park, with three organ pipes of 
different lengths, a dog whistle, a small bell, and some percussion caps. In 
a dense fog, on December 10th, 1874, the sounds from these objects were 
well heard from one side of the Serpentine to the other, and Dr. Tyndall could 
converse easily with his assistant across the water. Two policemen informed 
the Professor that they had heard the boll of Westminster that day with great 
distinctness ; the same sound had reached them still more distinctly on another 
night through an exceedingly dense fog, while on many clear days they had 
flailed to hear it at all. On the day the experiments were made across the 
Serpentine, the clangour at twelve o'clock was very loud. 

There appeared to the Professor to bo an extraordinary amount of sound 
in the air in the dense fog on December 10th. He perceived a resonant 
roar from Bayswater to Knightsbridge ; the railway whistles were extremely 
distinct, while the fog signals exploding at the various metropolitan railway 
stations kept up a loud and almost constant cannonade. 
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Dr. Tjndall quotes Sir Frederick Abel's remarkable experience on the pro- 
pagation of sound in fogs from the firing of gons at Woolwich. In a dense fog, 
Sir F. Abel from his house, and his office about three-quarters of a mile from 
the butts, experienced the concussion from the practice with 64 pounders and 
10 lb. charges decidedly more distinctly than that produced by the firing of 
the heaviest guns, with charges of from 110 to 120 lbs. of powder, in ordinary 
weather. 

I might continue adding to the foregoing statements, but they suffice to 
show that sound is propagated much more readily through fogs than it is in 
a clear atmosphere. This is indeed a most fortunate circumstance, allowing 
of fog signals at sea to be heard at a great distance, the sounds of a horn or 
a siren reaching ships ten miles off. 

The phenomenon known as the ** Spectre of the Brooken," because 
frequently observed in that part of the Hartz Mountains, may also be seen 
elsewhere. It consists of shadows projected by the rising or setting sun upon 
banks of fog ; these shadows are immensely enlarged images, and have a very 
spectral and ghostly aspect; they are often surrounded by one or more rings, 
exhibiting the colours of the rainbow, and called fog-bows or " glories." A 
very interesting paper on Brocken Spectres was communicated to the 
•Society in 1887 by Mr. Henry Sharpe. He quotes Dr. Tyndall's experience 
on the subject from the Professor's book on The Olacisn of the Alps, as 
follows : — ** The sun was sloping to the West .... As the sun sank, 
the shadow of the Finster- Aar-Hom was cast through the adjacent atmosphere. 
Proceeding along the mountain to the Furca, we found the valley at the 
farther side of the pass also filled with fog, which rose like a waU high above 
the region of actual shadow. Once, on turning a comer, an exclamation of 
surprise burst simultaneously from my companion (Prof. Huxley) and myself; 
before each of us and against the wall of fog stood a spectral image of a man 
of colossal dimensions, dark as a whole, but bounded by a coloured outline. 
We streohed forth our arms, the spectre did the same. We raised our 
alpenstocks, the spectres flourished their batons. All our actions were 
imitated by the fringed and gigantic shades. We had, in fact, the ' Spirit of 
the Brocken* before us in perfection." 

Fog-bows are thus described by Dr. Frederick Taylor^ : — ** While staying 
at the Bel Alp Mr. Gotch and I ascended the Grisighom on August 18th, 
and were on the summit about four o'clock in the afternoon. As we sat 
under the shelter of the cairn, facing toward the Sparrenhom, the sun was 
at our backs, and from time to time clouds rolled up before us from th( 
rock beneath. Suddenly we saw the shadow of the summit of the mountai 
and of ourselves thrown on the cloud, and at the same time a rainbow, wit 
the colours fully developed, became apparent. As we sat the rainbow 
already more than the usual semicircle, and on mounting on the cairn I sa 
a complete circle of colours, with the red external and the violet internal. 

^ Alpine Journal, Vol. XII. 
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this eiroolar rainbow my head was the centre, and my feet touched the lower 
limb. Mr. Gotch also saw a secondary bow. The phenomenon remained 
some time, varying in the brightness of the colours and the intensity of the 
shadow." 

As a rule each person sees his own shadow only in a fog, although other 
people may be near him. There are, however, exceptions to this rule. 
Mr. W. A. Brown, writing from Dundee in 1887, makes the following remarks : 
— ** Another point that I remember is that when two of us came near each 
other, our discs (of light) cut in upon one another ; and that the whole thing 
became visible to both of us." Again, Mr. Maynard, walking up the Piz 
Languard, in the Canton Orisons of Switzerland, states (in Nature) : — ** On 
the summit of the Peak is a ledge of rocks, on which I lay down for twenty 
minutes sleep. I had been asleep but a few minutes when Golani (the 
guide) woke me, and with excuses and an expression of fright in his &oe, 
begged me to come with him to see something which he had never seen in his 
life before. We moved to the Western edge of the Peak. Below us were 
some thin clouds of mist curling about like vapour from a large cauldron. On 
these clouds appeared a circular rainbow, and within it, as though in a gilded 
frame, were two figures — in fact the shadows of ourselves. ' There are two 
of them now,' cried Colani ; and it was not until I told him to take o£f his 
hat and wave it as I did mine, and he saw the action repeated by the figures, 
that he b^;an to feel assured that they were not * Oeister ' " (spirits). 

I have myself witnessed this spectral phenomenon very plainly on the Kghi 
Kulm, where masses of clouds or fog rising abruptly from the lake of Zug follow 
the precipitous sides of the mountain, and reaching the summit, continue their 
ascending progress without extending laterally. It follows that anybody 
standing on the Eulm may see a pillar or a wall of fog moving upwards, while 
he is in a perfectly clear atmosphere. A few years ago, under similar con- 
ditions, I was standing with a friend on the brink of the precipitous clifb of 
the Righi Kuhn, facing the Zuger See, and I saw the shadow of my own body 
prqjected on the fog in a most mysterious way. It was at about 10 o'clock 
a.m., and the sun, in a South-easterly position, cast our shadows on the North- 
westerly bank of fog. We were both in a spot absolutely free from mist. Our 
two shadows were not altogether distinct ; the head, trunk, and legs were 
obvious enough and enlarged, though I could hardly give an idea of the size ; 
but the most remarkable feature of the phenomenon was a double concentric 
ring round the shadows of our heads, each ring exhibiting the colours of 
the rainbow. On moving our legs or arms, the giants in the fog did the 
same ; indeed, the novelty of the occurrence was very striking, and interested 
us extremely. 

Lunar rainbows are seen when the observer is standing in a clear atmo- 
sphere between the rising or setting moon and a bank of fog. I recollect 
meeting with this phenomenon at Cannes on the occasion of a mass of nimbus 
clouds coming up from the East, which is invariably the wet quarter. 
Herschel, in his book on Meteorology, remarks that such rainbows are common 
in the Weald of Kent, a district abounding in grassy slopes, and winding and 
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branehing Talleys. The bottom of these valleys on a clear ealm nig^t dis- 
appears in a sea of cloads, and on descending a few yards into the mist, under 
a foil moon, a lunar rainbow is frequently seen. Lmiar rainbows wonld, of 
ooorsei have the same origin as solar rainbows, and be owing to a refraction 
and reflection of light in and from the watery particles the fog is made of. 
■ I shall finally beg to draw yoor attention to bright twili^ts, and the beantifdl 
effects of cloads lighted ap under certain peculiar circumstances by the settaig 



The twilights in 1884, in consequence of the material ^ected into the atmo- 
sphere by the eruption of the Erakatoa volcano, were very peculiar and beautiful. 
The Hon. Bollo Bussell refers in the following words to the etbei of theae 
twilights on clouds, in a paper published in our Quarteviy Journal f<nr 1884 : — 
*< The colours on the lower and upper clouds were very peculiar, and some- 
times unearthly. At one time they looked quite green all over the sky, and 
on several occasions a sky suflbsed with pink was dotted with green douds. 
Frequently the green light near the horizon was only suflicient to^ tinge the 
clouds greenish for a short time ; and when the green colour had dki^peared 
below the horizon, the red which was left illuminated the under surfima of 
the clouds, giving the spectacle of pink clouds, floating for an hoar or mora 
on a blue or green sky." 

I have had afew copies made in colours on lantern slides ftam the beaotifiil 
illustrations of twilights in the Report of the Erakatoa Committee of the 
Boyal Society, and these I shall proceed to exhibit. 

To conclude. In a picture gallery there are some pictures pleasing becaaae 
of their brightness and the variety of theur subject. A discourse on fogs is, I 
am afraid, absolutely the reverse. Its uniformity is monotonous, the darkness 
of the subject is dismal, and its cold feeling is chilly. One single attraction 
is left — ^that fogs are a striking and interesting phenomenon of nature. 



REPORT OF THE COUNCIL 

FOR THE YEAR 1888. 

Thb Council have much pleasure in presenting this Report, a large amount of 
work having been done daring the year, and considerable progress made in 
the investigation of one of the most interesting and hitherto negleeted 
branches of meteorology, viz. thunderstorms. The Council have been 
materially assisted by the undermentioned Committees, as well as by the 
members of the staff. 

Gbnbbal Pubposbs Committee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Abercromby, Ellis, Latham, and Williams. 

Editino Committee. — Messrs. Inwards, Scott, and Whipple. 

Stanpino Refebeb on Papers. — Mr. Eaton, 
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Amnual Ezhibitxon Committbe. — The President, Seoretaries, Mesari. 
Ellis, Preeoe, Scott, Strachan, and Whipple. 

EzpEBiMENTAL Bbbeaboh Cohmittee. — ^The President, Secretaries, Messrs. 
Archibald, Benn, Eaton, Ellis, 0. Harding, Bussell, and Scott. 

DBORBAaB IN Wateb Supplt Committee. — The President, Messrs. Chat- 
terton, Latham, and Symons ; with Mr. Scott, representing the Meteorological 
CouncU. 

Wind Fobob Committee. — The President, Secretaries, Messrs. Archibald, 
Ghatterkm, Dines, C. Harding, Laughton, Manro, Scott, and Toynbee ; with 
Mr. Whipple, representing the Eew Committee. 

TauNBBBSTOBM COMMITTEE. — The President, Secretaries, Messrs. Aber- 
eromby, Inwards, Scott, and Whipple. 

Phbnolooigal Obsebvations Committee. — ^The President, Secretaries, 
Messrs. Eaton, Latham, Mawley, and Bey. T. A. Preston. 

Preiidmtial Addresses. — ^Two very interesting Presidential Addresses have 
been delivered to the Society during the year. The first by Mr. Ellis, the 
late President, including a discussion of the Observations of Cloud at Green- 
wich during the seventy years ending 1887. This inquiry showed that two 
maxima and two minima occurred, the first maximum in January or February, 
and the second in June or July ; the first minimum in April or May, and the 
second in September. The other Address was by Dr. Marcet, on Atmospheric 
Electricity, when he exhibited to the Meeting imitations of flashes of lightning 
by throwing on a screen the enlarged image of an electric spark. This, in 
oonjunction with the exhibition of the photographs of lightning collected by 
the Society, gave great satisfaction to those who were present. 

Exhibition of Instruments. — The Ninth Annual Exhibition of Instru- 
ments was held, by permission of the Council of the Institution of Civil 
Engineers, at 25 Great George Street, from March 20th to 28rd, and was 
eminently successful. The Catalogue contained 155 entries, and the exhibits 
were arranged in eight divisions, viz. 1, Electrometers; 2, Lightning 
Conductors; 8, Lightning Protectors for Telegraph Purposes; 4, Objects 
damaged by Lightning; 5, Alleged Thunderbolts; 6, New Instruments ; 7, 
Photographs of Flashes of Lightning; and 8, Photographs, chiefly of Clouds 
and of objects struck by Lightning, and some Drawings. The collection of 
Photographs of Lightning Flashes, taken, not only in England, but in 
America and on the Continent of Europe, excited much attention at our 
Meeting, as well as at the Conversazioni of the Royal Society, the Royal 
College of Physicians, and at other scientific Associations where they were 
subsequently exhibited. 

Photographs of Lightning Flashes. — The first Report of the Thunder- 
storm Committee, which was limited to a consideration of the Photographs 
of Lightning Flashes just referred to, was read at the June Meeting of the 
Society. The classification of Lightning Flashes under six typical forms 
has been adopted already by some writers on the subject, and appears likely 
to be used in future, at any rate until the matter has received further investi- 
gation. The names assigned to the difierent types are : — 1, Stream ; 2, Sinu- 
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008; 8, Ramified; 4, Meandering; 6, Beaded or Chapletted; and 6, Ribbon 
Lightning. The description of these varioas types will be found on pages 
286-289 {Quarterly Journal, Vol. XIY.)* together with reproductions of some 
of the photographs. The Committee have a very large mass of printed and 
other matter ready for discussion, but the illness of Mr. Abercnnnby has 
prevented much progress being made in this direction. 

Exp&rimmUa with Anemometers. — ^The Wind Force Committee have con- 
tinued theur inquiry, the experiments having been made^by Mr. Dmes, Mr. 
Whipple and Mr. Munro, with anemometers on a whirling machine erected at 
Woodside, Hersham. The results obtained were of great importance, but as 
they were fiar from exhausting the subject, the same gentlemen have been re* 
quested to continue their investigations, and an additional grant has been 
made towards the expense of hiring and using the small steam engine neces- 
sary for carrying out the experiments. The Council are glad to inform the 
Society that the Meteorological Council have also made a grant in aid of the 
inquiry. The results of the first set of experiments are recorded on pp. 258- 
859 {Quarterly Journal, Vol. XIV.). 

Inspection of Stations. — ^All the stations of the Society in the South as far 
West as Weymouth, and in the East as far as Lincoln, were visited this year 
and found to be generally in a satisfactory state, althou^ some sli^t changes 
in the zeros of several thermometers had occurred, the particulars of whieh 
will be feundl in Mr. Marriott's report, Appendix 11. (p. 78). As a eonae- 
quence of the inspection the following memorandum for the guidance of 
observers has been drawn up, and will probably be found useful for other 
Fellows who do not contribute to the tables in the Meteorological Bsoord. 

To the Observers of the Royal Meteorological Society. 
Please give ^eial attention to the following. 

** 1. Wet Bulb. — ^The muslin and conducting^ thread of the wet bulb ther- 
mometer should be changed at least once a month, 

'* 2. When the temperature is below 32®, the bulb should be wetted about an 
hour bqfore the time of observation, so that a coating of ice may be formed round 

the bulb. 

** 3. Clean rain water should be used, and the receptacle kept well filled. 

<* 4. Minimum. — ^The tops of the tubes of the minimum thermometers should 
be examined daily, to see whether any spirit has evaporated from the column. 
The spirit will be colourless. 

** 5. Snow. — ^When snow falls, always melt and measure as rain that which is 
collected in the funnel. If the snow have drifted, or if the funnel cannot hold 
all that has fallen, obtain a section of the snow in several places where it has not 
drifted, by inverting the funnel and melting what is enclosed ; also measure the 
depth of snow with a foot-rule. 

<* 6. Readings. — After entering the readings in the note book, look at the 
instruments again before setting tnem, to see that no mistake has been made.** 

In consequence of the unavoidable changes in the staff caused by the 
resignation of two of the computers and the engagement of firesh lads who 
had no previous experience of the work, the Meteorological Record has this 
year been somewhat late in appearance. The Council, however, hope that 
its publication in future will be more prompt, 
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lAncoln ThermomHsr Experiments, — The new arrangements for taking 
thermomeirieal obserrations on the Tower of Lincohi Cathedral with Sir W. 
Siemens's Eleetrioal Thermometer have proved to be more satisfactory than 
ai first ; and the Oonnoil hope, before long, to be able to institute a comparison 
between these new observations and those formerly taken on Boston Church 
Tower. There was some difficulty in working the instrument at Lincoln; 
but with the kind assistance of the Electrical Staff of the local Postal Tele- 
graph Office, it has been put into good working order. 

Phenolagieal Oheervations, — Some of the observers being irregular in for- 
warding their returns and specimens, the Council considered that their 
nnmber might be satisfactorily reduced, and consulted the Bev. T. A. Preston 
on the subject. The matter received Mr. Preston's earnest consideration, 
and he has forwarded a list of observers and also of plants to be noted for 
the consideration and determination of the Council. 

Meetmffi. — ^The Meetings of the Society have been held as usual in the 
rooms of the Institution of Civil Engineers, with kind permission of the 
Pliesident and Council of that Institution, and have been well attended. As 
many find the early hour inconvenient, a circular was sent to all the Fellows, 
asking if the time of meeting should be changed from 7 to 8 o'clock. To 
this circular 115 replies were received, 45 of which were in favour of re- 
taining the present time, 60 in favour of a change to 8 p.m., 1 for 7.80 p.m., 
and 9 were neutral. The Council, therefore, do not deem it advisable to 
propose a change in view of a majority in its favour which is so small when 
the total number of Fellows (525) is considered. 

PubUcaUane. — The Quarterly Journal has been distributed to the Fellows 
as usual. The contents include, in addition to the two Addresses ahready 
mentioned, and the Report of the Thunderstorm Committee, a most important 
and careful paper by Mr. Eaton on the Mean Temperature of the Air at 
(Greenwich, 1811-56. The Report on the Phonological Observations for 
1887, by Mr. Preston; and the paper on the Non-existence of Thunderbolts* 
by Mr. Symons, are also worthy of note. 

The Meteorological Record, as previously mentioned (which may be con- 
sidered as part of the Journal), has appeared on the same lines as beforCf 
and in a short time will afford a mine of research to any one who will take 
the trouble to collate its contents from the commencement. The publication 
of observations is at present far ahead of their discussion, so that the Council 
imst some one or more of the Fellows will undertake to make deductions from 
its voluminous contents. The sale of Publications has been fiedrly good this 
year, the total sum received having exceeded £88, against a little above i626 
in 1887. 

Library. — ^The number of books increases every year to a considerable 
extent, partly owing to exchanges made with other Societies, partly to pre- 
sentation volumes, and to some extent by purchase. The number now is so 
mnch larger than when the last catalogue was published, that the Council 
have decided on making a complete catalogue at an estimated cost of about 
£100, and they hope to publish it in the course of this year, and to present 
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a oopj to every Fellow. This, they trost will reoder the libnyry more 
usefol not only to the Fellows, bat abo to others desoms of Mfobiiig some 
knowledge of the biUiogrsphy of Meteorology. 

Krakatoa Report,— The Report of the Royal Soeieiy Commitlee on the 
Krakatoa Emptioo has been pabhahed under the editorship of Mr. Symcnis. 
The part of ttie Report referring to the optical phenomsBa hae been most 
carefolly eompiled, as mentianed in oar Report for 1886, by two of oar 
Fellows, viz. Mr. Archibald and the Hon. RoOo Raassll, and an abstraet of 
it has been printed in oar Quarterly Jomimd (Ycd. XIV. pp. 801-807). 

VelUmt. — ^The changes in the number of Fellows daring the year has 
been favoarable to the Society, as there are 876 pvpng Fellows against 
870 in 1887; 182 Life Fellows against 184, and 18 Honorary Members 
against 18. As many as 49 Fellows have been eleeted daring the year, 
against 24 retired and 14 deceased. 
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Deaths. — The Council have to annoance with much regret the death of 
thirteen Fellows, including one Honorary Member, M%jor G. Graham. The 
names are: — 



Rev. John Bvron, M.A. elected in 


the Society Jan. 16, 1878. 


John Rand Capron. F.R.A.S. ., 


„ Feb. 16, 1882. 


William Hugh Cochrane „ 


„ Mar. 17, 1880. 


William Carey Coles, M.D. „ 


„ Jan. 16, 1879. 


William Horatio Crawford, J.P. „ 


„ Mar. 19, 1879. 


Rev. Richard Ford Heath, M.A., F.R.A.S. 


„ Jan. 22, 1866. 


Samuel Elliott Hoskins, M.D., F.R.S. „ 


„ May 7,1860. 


Col. Arthur S. H. Lowe, F.R.A.S. „ 


„ May 7,1860. 


William Macgeorge „ 


„ Feb. 16, 1881. 


John McLaren „ 


„ May 7, 1860. 


Rev. Philip Hankinson Nownham, M.A. „ 


„ Apr. 17, 1867. 


Alfred North, F.R.G.S. „ 


„ Feb. 16, 1870. 


William Roper, J.P. „ 


„ May 18, 1881. 



The Council also think it worthy of note that out of the thirteen ordinary 
Fellows whose loss we have to regret four had been Fellows of the Society 
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upwards of thirty years, and three, Dr. Hoskins, Captain Lowe, and Mr. 
McLaren, joined it in the year of its re-constitntion, 1850. Of the Fellows 
who were either founders (marked F,) or elected in the first year we still have 
with us: — 

Brown, Isaac, F.B.A.S. F. Lowe, E. J., F.B.S. 

Ebory, The Bt. Hon. Lord. Perigal, H., F.B.A.S. 

F. Glaisher, J., F.B.S. Prince, C. L., F.B.A.S. 

Graham, John. F. Blatter, Bev. J., F.B.A.S. 

Hippisley, J., F.B.S. Tudor, E. 0., F.S.A. 

F. Johnson, W., F.B.A.S. 

Finance. — The statement of receipts and payments during the year (Ap- 
pendix m. p. 82) is satisfactory, as it shows a balance in hand of £842 
48. 2d. against i6217 17s. Od. on December 81st, 1887. 



APPENDIX L 
LIST OF BOOKS PUBCHASED. 

Bent, W. — Eight Meteorological Journals of the years 1793 to 1800, kept in 
London ; including Tables from eight preceding Journals of the years 1785 to 
1792. 8vo. 0801.) 

Ellis, D.— Farther inquiries into the changes induced on atmospheric air by 
the germination of seeds, the yegetation of plants, and the respiration of animals. 
8vo. (1811.) 

Encyclopedia Britannica.— Ninth Edition. Vols. XXIII. to XXIV. 4to. 
(1888.) 

Hann, Dr. J.— Atlas der Meteorologie. (1887.) 

Howard, L. — The Climate of London. In two volumes. 8yo. (1818 and 
1820.) 

Mason, 11— Aeronautica. 8yo. (1838.) 

Official Year Book of the Scientific and Learned Societies of Great 
BriUin and Ireland, 1888. 8vo. (1888.) 

iNgrrruT Meteorolooique Danois et le Deutsche Seewarte. — Cartes 
Synoptiques Jonmali^res du Temps, embrassant le Nord de TAtlantique et une 
partie des Continents ayoisinants, June 1884 to May 1885. Folio. (1887-8.) 

Ross, Capt. Sir J. — Narrative of a Second Voyage in search of a North-west 
Passage, and of a residence in the Arctic regions during the years 1829 to 1833. 
4to. (1835.) 

The International Scientist's Directory. 8vo. (1888.) 

«* The Times" Register of Events in 1887. 8vo. (1888.) 

Tomlinson, C, F.R.S. — Winter in the Arctic Regions and Summer in the 
Antarctic Regions. 8vo. (1872.) 

Townlet, R. — ^A Journal kept in the Isle of Man. In two volumes. 8vo; 
C1791.) 

Wells, Dr, W. C, F.R.S.— An Essay on Dew. 8vo. (1814.) 

Wilde, W. R.— Narrative of a Voyage to Madeira, Teneriffe, and along the 
Shores of the Mediterranean. 8vo. (1814.) 

Wrangell, Admiral P. von.-— Narrative of an Expedition to the Polar Sea, 
In the years 182(K23. Second Edition. 8vo. (1844.) 
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APPENDIX II. 
REPORT ON THE INSPECTION OF THE STATIONS, 1888. 

All the stations in the South as far West as Weymouth, and in the East as 
fax North as Lincoln, have been visited during the past few months, and 
were found generally to be in a satisfactory condition. A longer interval 
than usual has elapsed since the previous inspection, the stations in the 
South having been last visited in 1884, and in the East in 1885. 

Several changes in the zeros of the thermometers have occurred, mostly 
with the mercurial ones, which have risen slightly. The ordinary minimum 
thermometers in the screen, in seven or eight cases, had spirit at the top of 
the tube, and in some instances the spirit had most probably been there for 
a considerable time. 

In two cases the grass minimum thermometers had as much as 9^*5 and 6°*0 
respectively of spirit at the top of the tube ; in the former case the station 
was about to undergo reorganisation, and in the latter the observer had been 
away for some weeks, and only returned the day before my visit. 

Observers cannot be too careful in watching the top of the tubes of their 
minimum thermometers for the first appearance of spirit there, and also in 
seeing that when set the reading agrees with that of the dry bulb. 

All the earth thermometers, where practicable, have been tested. In 
several cases the zeros of these thermometers, which are nearly all mercurial, 
have risen, in two instances 0°'4. As this is comparatively a new instru- 
ment it is probable that the tubes are not very old, and so the glass has a 
tendency to contract, and thus cause the mercury to give too high a reading. 

The electrical thermometer at Lincoln has been examined and overhauled 
by the Postal Telegraph officials, and is now working very satisfactorily. At 
the time of my visit the reading was within 0^*2 of that of the check thermo- 
meter. 

William Mabbiott. 

October 17th, 1888. 



NOTES ON THE STATIONS. 

Addisoombe, October 11th. — ^This station was in good order. 

AsPLEY Guise, August 30th. — The trees and shrubs on the South-west to 
the North-west of the instruments have grown considerably since the last in- 
spection, and have made the exposure in that direction somewhat confined. 
The instruments should be moved to a more open situation. On comparing 
the earth thermometers it was found that the zeros of those at 2ft. and 4ft. 
had risen 0^*4. I was unable to compare the thermometers at 8 and 6 inches. 

Beddinqton, August 27th, — ^As Mr. Rostron contemplated leaving his 
house in Beddington Lane at the end of September, I went on this date to 
his new residence at Riverside and selected a site for the thermometer screen 
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and rain-gaage. The site chosen is in the kitchen garden, and is well ex- 
posed. The garden is close to the river Wandle. 

Benninoton, August 29th, — All the instroments were in good order. 
The thermometer screen and rain-gaage were moved in March last about 
20 feet North-east of their former site. A rearrangement of the thermometers 
in the screen was snggested, so that they might be in accordance with the 
plan recommended in the Hints to Observers, 

Bebkbamsted, August 81st, — The instruments are well exposed on a 
grass-plot in a rose garden. The ground slopes about 1 in 7 from North- 
north-east to South-south-west. Everything at this station was clean and 
in good order. In addition to the usual instruments, Mr: Mawley has a 
barograph, thermograph, anemograph, recording rain-gauge, and percolation 
gauges for light and heavy soils. 

Bbiohtom, August 22nd. — I visited this station at the request of Dr. 
Newshohne, the recently-appointed Medical Officer of Health, who was de- 
sirous of reorganising the meteorological observations. The instruments are 
in the Steyne Ctodens. I recommended that they should be moved further 
from the fountain, so as to be out of the influence of the spray, and also 
that the thermometers should be sent to Eew for reveriflcation. A sunshine 
recorder will be placed on the roof of the Town Hall. 

Eastboubnk, A'ugust 23rd. — The instruments are placed in a large kitchen 
garden at the back of a house in Sea Side Road. The exposure is good, the 
only obstruction being a tree on the South-south-west, which makes an angle 
of 40^ with the rain-gauge. The instruments were all in good order, ex- 
cept the minimum thermometer, which had some spirit at the top of the 
tube. 

OuBBMSEY, July 20th, — The instruments were in good order. I recom- 
mended that a cover be placed over the water receptacle of the wet bulb 
thermometer. On comparing the thermometers it was found that the zero of 
the wet bulb had risen 0^*1. 

Habestock, July 24th. — All the instruments were clean and in very good 
order. 

Hastings, August 23rd, — Since the last inspection the thermometer screen 
has been moved to a more favourable situation. The rain-gauge has also 
been moved, and is now placed on a wall, as its former site has been built 
upon. The thermometers were all correct, except the minimum, which had 
0P*7 of spirit at the top of the tube. 

Hillinoton, September 13th. — At the time of my visit the wet bulb ther- 
mometer was not working properly, the bulb being dry. The thermometers 
were all correct. 

Ebkilwobth, August 30th, — The minimum thermometer had 0^*8 of spirit 
at the top of the tube. The thermometer screen required painting. 

LiMOOLN, September 14th. — Since December 1887 the electrical ther- 
mometer on the great tower of Lincoln Cathedral has been under the care of 
Mr. C. J. Bromhead. In the early part of this year the instrument was 
thoroughly overhauled by the staff of the Postal Telegraph Department, 
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BUtoe which time it has appeared to be working very well. The oihe 
meteorologioal inetrnmeuta have boen removed from ISr, Mantle's to Hi 
Bromhead'B garden, which is onl; a short diatanee Bonth-weat of th 
Cathedral. The obserrationB are taken twice daily, m. at 9 a.ni. and 
p.m. 

Lowestoft, September 10th. — The garden wall has been set back ainca th 
Uat inspection, so that a larger area has now been enclosed. The exposal 
is fair, althoagh somewhat confined. The instnunents were in good ordei 
On comparing the thermometers it was ibnud that the miaimmn read CPS 
and the grass minimum 0'8° too low. 

SIaro^te, Aiu/utt 2ith. — At the time of my visit the wet bulb theimometc 
was not working properly, the bulb being dry. The otber isBtnunents vei 
in good order. 

Maelbobodoh, Ju/yi/lA. — The inatnim ante were in good order except th 
grass minimum, which had some spirit at the top of the tnbe. Arrangf 
moDls have been mode for carrying on the observatioua during the holidayi 

Old Street, London, September 27tk. — On comparing the thermometer 
it was foimd that the zero of the dry balb had risen 0°-l. The run-gang 
is very much corroded, and will soon retiuiro to be replaced by a new one. 

Portsmouth, Jul;/ 26th, — The thermometer- screen and rain-gauge hav 
been moved a little farther north since the last inspection, and now have 
more opoD oxposaie. The minimum thermometer had a little spirit at tb 
top of the tube. 

Bausoatk, Aiu/utt S4th. — The instraments were in good order, except tl 
minimnm thermometer, which had 1°-1 of spirit at the top of the tube. 

Rbobht's Pabk, S^tember 37th. — On comparing the thermometers it wi 
found that the ininimntn read 0^*4 too low. 

BouxRLBYTOH, September 11th, — The minimnm thermometer had 0°-9 < 
spirit at the top of the tube. On comparing the thermometers it was fooi 
that the zero of the wet bulb hod risen 0°'8. 

BocTHAMPTON, July 17tk-18tk. — All the inetmments were in good orda 
The zero of the dry bulb thermometer had risen 0°-2. A new nun-gang 
has been set up and is read monthly. The Rev. H. Garrett has a nnmber < 
oarth thermometers ; and at the bottom of the tubes he has placed som 
glycerine or castor oil into which the fanlbs of the thermometers dip. 

SoDTHBOURNE, JiUy 18tft. — Dr. Comptou bos given np his honse, Loeksle; 
bnt the instruments are still there and are dnly read by one of his mei 
The instrmnents were in good order. Dr. Compton now lives on the Undo: 
cliff, and has fixed a thcrmometer-Bcreen on the parade. He also propost 
placing another screen on the road to Christohnroh, at the same height aboi 
sea- level as that on the parade. 

Btratheibld Turoibs, Juiy 16th, — The thermometers are placed in tb 
old Sew stand, as the Stevenson screen has been lent to the Doko ( 
Wellington. The roin-gange is mounted on a post 8 feet above the gro[ui< 
and has been in the same position since 1858. The cnrrant bashes, £c. ha 
grown up very mach all round the instruments ; the observer was, therefon 
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requested to have them ent back. The thermometers were all correct, except 
the mazimnm, which had gone np 0^*2. The tube of the maximnm thermo- 
meter had slipped a little, so that the divisions did not correspond with those 
on the scale. This I set right by readjusting the tube. 

SwABRATON, Ji% 24th, — On comparing the thermometers it was found 
that the diy, wet, and maximnm had each risen (P'l. 

Ybntnob, July 26th, — ^The thermometers were all correct and in good 
order. The sonshine recorder is kept by Mr. W. Eilborn, at St. Lawrence. 
This is an old pattern instmment with a movable strip of metal for holding 
the card. Owing to the aspect of the Undercliff the son does not shine on 
the recorder till within a quarter of an hour after sunrise nor after 6 p.m. in 



WsTMOBTH, Jtdjf 19th. — ^All the instruments were in good order, and the 
thermometers correct. 

WoBTHZNo, Jul^ 27th, — ^Dr. Harris has moved from the Marine Parade 
to Heene, which is about a mile and a half West-north-west of the former 
place and half a mile from the sea. The instruments are placed on the 
lawn in a well-exposed situation. All the thermometers were correct except 
the earth thermometer, which had gone up O^'SL Dr. Harris has also 
organised a station at the Worthing Infirmary, which is about a quarter of a 
mile from the sea. The instruments are placed on the lawn and have a good 
exposure. 
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APPEN- 

STATEMENT OF BE0EIPT8 AND PAYMENTS 



Bboupts. 

A ff. dL 

BftUmee from 1887 ..« • ..••••• 

SnbaeriptioDfl for 1888 623 6 8 

Do. former yearn •••••..•••••. 89 4 

Do. paid in adranoe 51 4 

Lifo Compositions • 42 

EntraneeFees 61 4 

Meteorologieal Office :^Oopies of fietnms 108 6 8 

Do. Grant towards Inspection Expenses 26 

DiTldends on Stock 

Sale of Poblications* 



217 17 



806 17 


8 


128 


S 


61 14 11 


88 16 







£1253 10 10 
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DIX III. 

FOB THE YEAB ENDINQ DEGEMBEB 81st, 1886. 



Payments. 

£ i. d, £ #. d. 
Jdumal dte, :^ 

rinting No6. 66 to 68 157 3 6 

IfautntionB 27 8 6 

.nthon' Cqpiefl 17 11 

Ifltooiologiaa Beoozd, No8. 27 to 80 48 8 6 

legistrar-General^s BeportB 8 8 

268 14 6 

PrinUnf, dte, : — 

leneral Printing 22 17 

istof Fellows 10 16 

'onnfl 12 

taiionery 16 8 9 

looks and Bookbinding 27 6 11 

88 2 8 

Ojfiee Esepemei :~ 

blaries 817 6 

Koit and Housekeeper • ••.. 48 16 6 

lepaixs, Ckwls, Ae • 8 8 9 

Postage •• • 44 2 8 

^etty Expenses 10 18 4 

iefreshments at Meetings • 18 16 8 

fizhibition of Instruments •• 9 6 6 

462 10 

Ohiervatiofu :'— 

nspectionof Stations ..« • 86 U 

)bflerver8 at Old Street and Seathwaite 7 2 

nstmments • • 3 8 9 

9irind Foree Bzperiments 18 14 1 

60 16 10 

Stock:-' 
hixohase of £60 New 8 per Gents. 61 3 9 

911 6 8 
Balance: — 

U Bank of England 819 6 7 

[n hands of Assistant-Secretary • 22 17 7 

■ 842 4 2 



£1268 10 10 



Examined and compared with the Voachers, and foond correct, 

J. S. HARDING. 1 . ^.. 

H. SOWERBY WALUS. J ^«*«*^<>^' 

Tamiary iOth, 1889. 
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APPENDIX IV. 
OBITDABY NOTICES. 

John Band Capbon was born in London, February 19th, 1829. He was 
edneaied at the Grammar School, Guildford, and on completing his studies 
was articled to his uncle, Mr. John Band, a solicitor in extensive practice in 
that town. After being admitted a solicitor, in 1850, Mr. Capron entered 
mto partnership with his uncle, and subsequently succeeded to the business. 
He was soon appointed Borough Coroner and Clerk of the Peace, which 
latter appointment he held up to the time of his death. 

In the midst of his many business cares and public engagements Mr. 
Capron found leisure to gratify his enthusiasm for the study of natural 
phenomena, and it is as a scientific man of some distinction that his name 
will be best remembered. When at school he had a severe attack of typhoid 
fever, and during his convalescence a compound microscope was lent to him. 
This opened out a new world of wonder and beauty, and was the means of 
firing his ambition to examine some of the fascinating mysteries of creation. 
He took a special interest in studying the earth's surface, making considerable 
progress in geology, and forming a collection of fossils and minerals of great 
interest and variety. But later on he turned his attention to spectroscopy 
and meteorological phenomena, and became a devoted student of astronomy. 

In 1877 Mr. Capron published an important work on Photographed 
Spectra, in which he gave, in a very easy and convenient form for reference, 
186 photographs of metallic, gaseous, and other spectra, accompanied by 
eritieal explanations. For obtaining the spectra of the metals he employed 
a direct vision prism of an inch aperture, with collimator and camera, and 
with this spectroscope he obtained photographs of the spectra of some 
forty metals, extending from about 6 to H. For most of these metals two 
photographs were obtained — one taken with the induction spark, and the 
other with the electric arc firom a battery of 40 pint Grove cells. For the 
spectra of gases, three different spectroscopes were employed, one of these 
having two simple quartz prisms of 60^, and the others each a direct vision 
prism of large size. The value of this work was fully recognised at the time, 
as it brought together so many spectra simultaneously before the eye, thus 
giving a fiir greater insight into their physical characteristics than could so 
readily be obtained by a study of the individual spectra with the spectroscope 
one after the other. 

In 1879 Mr. Capron published a popular treatise on Aurora and their 
Spectra, In this work he presented a very complete history of early and 
recent observations of auroral phenomena, in which he carefully records the 
general appearance and special characters of the aurora ; its geographical dis- 
tribution; colours, height, and noises attributed to it; phosphorescence, 
polarisation of its light, &c. The most valuable part of the work is that 
devoted to an investigation of the auroral spectrum. The subject is very 
carefully and exhaustively discussed, and the author's long series of labora- 
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tory experimdnts io elucidate and explain some of the obsoore phenomena of 
the aurora will always be of value. 

In an interesting pamphlet published in 1882, Mr. Oapron called partiou- 
lar attention to the subject of the *' Rainband" and the importance of ob- 
serving it as indicative of the presence or otherwise of an excess of moisture 
in the atmosphere. 

Mr. Capron was a man of the most beneficent and philanthropic character, 
and took much interest in all the social institutionB of his neighbourhood. 
He subscribed to a large number of charities, and was ever ready, thou^^ in 
the most unostentatious manner, to a£ford aid and succour to those in poverty 
and distress. 

He had been in failing health for some time past, but his illness took a 
more serious turn in October, and he passed away on November 12th, 
1888, at the age of 59 years. 

Mr. Capron was elected a Fellow of this Society on February 16th, 1882. 

Surgeon-Mijor William Cabey Colbs, MJ)., was a son of the Bev. 
Thomas Coles, of Bourton-on-the-Water, Oloucestershire, where he was bom 
on July 25th, 1817. He received his medical education at University Col- 
lege, the College of Surgeons, and Apothecaries* Hall, London, taking the 
Fellows' gold medal and his diplomas in 1889-40. Between the latter year 
and 1848 he served on board the Honourable East India Company's troop- 
ship Minerva in the Eastern Seas, receiving two silver medals, one for the 
China War and the other for the taking of Canton. On his return to Eng- 
land he took the degree ofM.D. at Edinburgh, in 1844, and in the following 
year, on the recommendation of the late Mr. J. E. Carruthers and the nomi- 
nation of M%jor Oliphant, obtained his commission from the court of directors 
as an assistant-surgeon in the Bombay Army. 

For several years Dr. Coles was employed in various appointments on 
general duty, serving at different times with the 78th Highlanders, the 20th 
Bombay Native Regiment, and the Madras Artillery ; and as assistant civil 
surgeon and surgeon to the coroner and garrison surgeon at Bombay. In 
1849 he was appointed Professor of Midwifery and Medical Jurisprudence in 
the Grant Medical College, and held these appointments until 1854, acting 
for some time in 1852-8 as Principal of the College during the absence on 
furlough of the late Dr. Herbert Giraud. Having frequently acted from 1848 
as secretary to the Bombay Medical [Board, he was permanently appointed 
to that office in April 1855, and continued to hold it to his retirement from 
the service in 1865. 

It was in this position that Dr. Coles made his reputation as an adminis- 
trative officer of the highest efficiency and distinction. To great natural 
capacities for such duties as were now required of him he added habits of 
the most inde&tigable self-denying industry and of the exactest regularity 
in the distribution and despatch of his work. He was, moreover, a man of 
great dignity of presence and benevolence of character, and of the most 
genial and engaging manner ; and he thus became one of the most marked 
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personalitieB in the official and social life of WcBtem India daring the last 
years of the East India Company's rule and before '< old Bombay ** was 
transformed, under Sir Bartle Frere, as if by magic, into the magnificent 
maritime city, the Venice of the Indian Ocean, known to the present genera- 
tion of Englishmen. So highly and so gratefnlly were the services of Dr. 
Coles as secretary to the Medical Board appreciated by his brother officers, 
that on his finally leaving India he was presented by them with a service of 
silver, which was intended to commemorate in particular his snccessful 
administration of the medical retiring fond under the greatest difficulties. 

Dr. Coles employed his latter years, since 1865, in actively interestmg 
himself in the cottage hospital and meteorology and the educational and 
general Church work of his native parish, where he died on May 17th, 1888, 
in the 71st year of his age. 

He was elected a Fellow of this Society on January 15th, 1879. 

Migor Geobqb Graham was the fourth son of Sir James Graham, first 
baronet, of Netherby, Cumberland, and was bom in 1801. From 1828 to 
1880 he was Military Secretary at Bombay. He acted as private secretary 
to his brother, the late Sir James Graham, who was First Lord of the 
Admiralty from 1881 to 1884 and Secretary of State for the Home Depart- 
ment from 1841 to 1842. 

M%jor Graham held the office of Registrar-General of Births, Deaths, and 
Marriages from 1888 to 1879. 

He died after a short illness on May 20th, 1888. 

Major Graham was elected an Honorary Member of this Society on March 
27th, 1855; 

Samuel Elliott Hoskins, M.D., F.R.S., was bom in Guernsey on 
February 7th, 1799. His father was of Devonshire descent, his mother's 
fiimily was of Jersey notability. But the remarkable success which attended 
Dr. Hoskins firom the beginning of his career was as much due to education 
as to inheritance. With praiseworthy forethought his parents conducted his 
instruction until he was old enough to go to a school near Exeter, and they 
seem to have imbued him with that love of home which in later life gained 
him for his native island. He was first destined for the Guernsey Bar, and 
he began his preparation work under Advocate Charles de Jersey, afterwards 
H.M. Procureur. After a year's trial the ofifer of a pupilage with Drs. Monk 
and Brock was more congenial to him, and by their guidance, and with the 
help in classics of the Bev. Thomas Grat, he was in the year 1818 enrolled 
as a student at the united Hospitals of Guy's and St. Thomas's. 

A student's honours in those days were not represented by parchment or 
money prizes, but Hoskins won for himself the esteem and life-long friend- 
ship of such men as Astley Cooper, George Henry Green, Bransby Cooper, 
Charles Ashton Eeye, and in the literary world, of Coleridge, Charles Lamb, 
De Quincey, and Iliomas Noon Talfourd. One must realise what the world 
was then to glean what such companionship meant to a country youth. 
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Armed with the license of the Apothecaries Oompaay, and the membership 
of the Royal College of Surgeons, he even refosed the ofbr of an assistant 
surgeoncy in the Foot Guards, and returned to Chiemsey to become the 
partner of Dr. Brock. In 1827 he spent three months in Paris, which gave 
a powerful bias to his future. Magendie, Dnpuytren, Laennec, and Giviale 
were then fervently pushing their investigations, and welcomed the matured 
student who brought them letters of introduction. 

On his return to Ghiemsey Hoskins side by side elaborated a chart of 
stethoscopic signs, and an investigation into the solubility of calculi within 
the body. The former was published in London, fiivourably reviewed by the 
Lancet, and rapidly passed into a second edition. The latter occupied many 
years of his life, and was associated with his translation of ScharHng's work 
on Calculi, which was published in 1841. His results, presented to the 
Royal Society in 1848, gained him his election to the Fellowship. His other 
high professional honour was the Fellowship of the Royal College of Phy- 
sicians, to which he was elected in 1859. 

If we exclude a very clever research into the causes of the failure of the 
percussion caps of the 46th Regiment (the results of which were confirmed 
by Faraday, and approved by the great Duke of Wellington), all Dr. Hoskins* 
further work was associated with (kiemsey. His best known observations 
concern the climatology of the island. They were at the time unique, and 
are still quoted with well-merited respect. His paper on the '' origin and 
progress of cholera and smaU-poz in 1849 " was written at the request of the 
Epidemiological Society. His work entitled *' Charles the H. in the Channel 
Islands *' is well known, his smaller papers on *' the carved oak chests of the 
Channel Islands ** and ** on the outposts of England ** less so. But it was in 
acknowledgment of his paper on oak chests that Douglas Jerrold sent him 
** some cwt. of Punch " to adorn '* the gorgeous oak shelves of which it is 
all too unworthy." 

To the end of his life Dr. Hoskins never lost the fever for historical 
research, and when &r advanced in his eighth decade not only did the pages 
of the Guernsey Magazine record fresh facts, but Mons. Charles Hettier, in 
his work entitled Relations de la Normandie et de la Bretagne avec Us Ties 
de la Manchef sought the assistance of, and paid tribute to, the worth of the 
aged historian. 

About 1859 he retired firom active professional life. 

Dr. Hoskins* later years form a fitting counterpart. He lived to complete 
his historical writings and to utilise his meteorological observations. Ho 
lived his younger days over again in the writings which have now become 
classics, and even in this year (1888) he conned with excited interest Walter 
Besant's Fifty Years Ago, a book which to one of his histrionic tendencies 
was specially palatable. Few men reach the contentment which is great 
gain. Dr. Hoskins was one of the few. He lived his life and laid it down 
with the satisfaction that he had not been bom in vain. 

He died on October 12th, 1888, aged 89 years. 

Dr. Hoskins was elected a Fellow of this Society on May 7th, 1850* 
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Colonel Abthub Swann Howabd Lowe was the yonngest son of Mr. A. 
Lowe, J.P., and was bom on December 4ih, 1826, at Highfield House, near 
Nottinghain> He received his early edneation at Mr. Fletcher's School in 
Nottinghanii and with private tutors at home. 

In 1852 he entered the Nottingham Militia, and eventually became Colonel 
of that regiment, which he commanded np to the summer of 1887, when 
fidHng health compelled him to resign. During this long period of service 
he took a very active interest in everything that concerned the welfiAre and 
salisfiustory condition of his regiment. 

Cokmel Lowe was greatly interested in all scientific pursuits, taking regular 
meteorological observations and watching astronomical phenomena with much 
seal. He rendered material assistance to his brother, Mr. E. J. Lowe, F.B.S., 
in the preparation of a work on The Climate of Nottingham. He was an 
excellent draughtsman, and undertook many illustrations of birds and their 
eggs. All the drawings of freshwater Mollusca,|published in The Oonchology 
of Nottingham^ were made by him. 

Colonel Lowe was for many years a Life Member of the British Associa- 
tion, and also a Fellow of the Boyal Astronomical Society. He was a 
magistrate for the county of Essex, and resided at Gosfield Hall, Halstead, 
where his death took place on August 4th, 1888, after some months' iUness. 

He was elected a Fellow of this Society on May 7th, 1850. 

John MoLaben was a native of the parish of Methvin, Perthshire, and 
«ame south with Lord Lynedoch nearly fifty years ago. For many years he 
was a true and faithful servant of the Whitbread family at Cardington, near 
JBedford, and in him were reposed the confidence and esteem of those in whose 
service he was. He commenced his records of meteorological observations, 
«0 assistant to the late Mr. Samuel Charles Whitbread, F.B.S., in 1846, and 
^th one or two brief intervals he contmued them to the end of his life. Mr. 
licLaren was an able and accomplished botanist, and his collection of local 
plants is of an extensive and reliable character. Of Mr. McLaren it may be 
truly said that he never lost a friend or made an enemy. Quiet and unas- 
suming in his manner, he was a man of great knowledge, and he was highly 
reepeeted by all who knew him. 

He died on July 7th, 1888, in the 78rd year of his age. 

Mr. McLaren was elected a Fellow of this Society on May 7th, 1850. 

The Bev. Philip Hankinson Newnham, M.A., was a man of singular power 
of mind and spirit. His information on many subjects, especially of a 
scientific sort, was surprising, and soon revealed itself in conversation. He 
took great interest in meteorological matters, frequently instituting a discussion 
of various phenomena, and for at least one year, when residing at Bourne* 
month, took hourly readings, during the day hours, of the dry and wet bulb 
thermometers. His dimatological observations at Maker from 1880-86, and 
at Exeter firom 1886-88, were printed in the Meteorological Record, 

Mr. Newnham delighted in statistics. He could tell at almost a glance 
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how many and who were at choreh at any seniee, and would pethapi asfamiBh 
any one after aervioe by eomparing the attendanee with the same Sunday the 
previons year, remarking possibly some strange eoineidence between the two 
Sundays or the persons present. The names of eommnnieants, candidates 
for confirmation, Sonday scholars, &c. were enrolled year by year in records 
of exquisite neatness, and when once the mysteries of bine and red lines and 
points were explained, the story of their attendances, with sadden stops and 
sad gaps, was revealed at a glance. 

He was for some time pastor at St. George's, Stonehonse, and for deven 
years held the vicarage of Maker, which he left in Joly 1886 to take np the 
chaplaincy of the Devon and Exeter Hospital. He was for many years a 
great sufferer, and carried on his pastoral work with mnch difficulty and pain. 
He died at Teignmouth on November 6th, 1888, in the 56th year of his age. 

He was elected a Fellow of the Boyal Meteorological Society on April 17th, 
1867. 

WiLLiAH BoPEB was ouc of thc oldest members of the Lancaster Corpora- 
tion, and soon after his election as Town Councillor he became oonapicuons 
as one of the hardest workers, devoting his attention chiefly to the provision 
of a complete and effective water supply for the town and neighbouiiiood. It 
was mainly through his efforts that in 1876 the water supply system was 
enlarged, and that in 1880 the enlargement was completed, so that it is now 
sufficient to meet all the requirements of the town for many years to come. 

Mr. Boper took a close and controlling interest in the management of the 
gas-works for the town for several years, as Chairman of the Gas Committee 
of the Corporation; and he was also Chairman of the Morecambe Gas 
Company. 

Mr. Boper was Mayor of Lancaster in 1869-70, and was made a Justice of 
the Peace for the Borough of Lancaster in 1885. He was also a member 
of the Port Commission, and was well known and highly respected as one 
who discharged many public duties with extreme courtesy, kindness and 
consideration. He was an indefatigable worker, and after the great olject 
of his public life had been attained — the completion of the Lancaster water* 
supply— ^he employed himself in meteorological studies. He issued several 
little works relative to the rainfall and weather in Lancaster and the district. 

Mr. Boper died on April 6th, 1888, in the 68rd year of his age. 

Ho was elected a Fellow of the Boyal Meteorological Society on May 18th, 
1881. 
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APPENDIX V. 
DONATIONS RECEIVED DURING THE YEAR 1888, 
Presented by Societies^ Lutitutions, dc, 

Apslaidi, Mabies Boabd of South Austbalxa.— Beport for 1887. 

ATiftTEiw, Sebvxob BfiTisoitoLooiQUB ALoiniEN.— Qoantit^fl de ploiefl recaeillies en 
AlflMe, 1877-1886. 

Allababad, BIbtboboiiOoioal Ofhob.— Annnal Statement of Rainfall in the North- 
weetem Brovbioaa and Ondh, 1887. 

BATAFiAflCAONBTicALAMD Mbtborolooioal Obsebvatobt. — ObservationB made daring 
1886^BainfUl in the East Indian ArchipeUgo, 1886. 

Bn Nbtzs, 0B8BBTAI0BT.— Report of we British Association Committee appointed 
lor the pnipoae of co-operating with the Scottish Meteorological Society in making 
MeieofloSigieal Observations on Ben Neyis. 

Bbbur, DEaTSOBB BiETBOBOLOQiscHB GssBLLSCHAFT.— Metcorologische Zeitschrift, 
Jan. to Not. 1888. 

Bebldi, KdHiaucB Prbubsisohes Mbtboboloqibches Imstitut.— Ergebnisse der 
moteorologiachen Beobadhtongen Im Jahre 1886. — Klimatalogie von Deutschland, von 
1848 bis 1872.— MonatUohe Mittel der Jahrgaxige 1878-1880 fur Dmck, Temneratnr, 
Fenehtigkalt nnd NiederschlSge, and funftagige Warmemittel. — Ubersicht der bei dem 
metoorologiBohen Institat za Berlin gesammelten Ergebnisse der Wetterbeobachtangen 
an! den Btetionen des preosaischen Staats and benaohbarter , f ilr den Zweok verbandener, 
StBBlan fOr die einzehien Monates des Jahree 1886.— Uebersioht der Witterang im 
oSMDiehan Dentaohland, 1856-60. 

Bombay, Metbobolooxoal Offiob.— Brief Sketch of the Meteorology of the Bombay 
PwMidoncy in 1886-87.*Magnetieal and Meteorologioal Observations, 1886. 

BBnBAEE, Obebbal Rboistbb Office.— Report on the Vital Statistics, Oct. 1887 to 
Srat 1888.— Vital Statistics, 1886 and 1887. 

BBnBAEE, QxrEBESLAED PoST AMD TeLEOBAPH DbFARTMBET, MbtBOBOLOOXCAL BrANCB. 

— Biiabane Cwservatory, Meteorological Synopsis, Ang. 1887 to Jan: 1888.— Climate of 
Briabane ; weekly meteorologioal synopsis, April 1887 to Febraary 1888.— Copies of 
Daily Weather registers, ^. used by the Meteorological Office, Brisbane.— Daily 
Weather Charts of Anstralasia, Nov. 2, 1887, to Feb. 23, and March 3 to Oct. 15, 1888.— 
Snmmaiiea of Rainfall, Jnly to Dec. 1887. 

Bbuseeui, Iestxtut National de OifcooBAPKiE. — Balletin M6t6orologiqae, Dec. 1887 
to Nov. 1888. 

BEuasBLB, Obsbbvatoibb Botal.— Annaaire, 1888. 

Budafest, K. Ubo. Centbal-Anstalt fOb Mbteobolooib und Ebdkaonbtismtjs.— 
Jahibuoh, 1886. 

Boebabbst, Iestrot MirtoBOLoaxQVE DE Rouxaeie.— Annales, 1886. Tome II. 

Caibo, Eovptiae Wab Office.— Monthly Balletin of Meteorological Observations 
talDBD atthe Khedivial Observatory, Cairo (Abbasseih), May 1887 to Jane, and Aug. to 
Jan. 1888. 

Caibo, SocitTi: Kh£i>ivialb db QiooBAPBiE.— BulletiD, lie S6rie, No. 12, and Ille 
Steio, No. 1. 

Galoutta, Meteobolooical OFncB.— Cyclone Memoirs. Part I. Bay of Bengal 
Qyolone of May 80th to S8th, 1887.*Indian Daily Weather Beports, Nov. 22, 1887, to 
hOf S8, and Jnly 80 to Dec. 6, 1888.— Indian Meteorological Memoirs, Vol. III. Part 2, 
and VoL IV. Part 4.— Memoir on the Winds and Monsoons of the ArabianlSea and 
North Indian Ooean. By W. L. Dallas.— Registers of Original Observations redaced 
and eoneoted, Aag. 1887 to Jaly 1888.— Beport on the Administration of the Meteoro- 
logical Department of the Government of India in 1886-87.- Report on the Meteoro- 
logy of India in 1886. 

Caxbeidob, New Beqlamd Meteobolooical Socibtt.— BuUetia, Dec. 1887 to Nov. 
1888. 

Cafe Towe, Mbteobolooioal Commission.- Report 1887. 

Cafe Towe, South Afbicae Philosophical Societt.— Transactions, VoL V. Part 1. 

Chembitb, EdEiQL. 8ACH8. METB0B0L0OI8CHE Instituts.-— Jahrbuch, 1886. 

Obburaeu, Nobsee Metbobolooisee iRSTrruT.— Die intemationide Polarforschang 
1882-1888. Beobaehtongs-Brgebnisse der Norwegischen Polarstation Bossekop in Alten, 
ThaU n.— Jahrbneh, 1886.— Oversigt over Laftens Temperatar og Nedbor i Norge, 
1888-7.— Velledning til Udforelse af meteorologlske lagttagelser ved det norske meteoro- 
loglBka LuUtata Stationer. 

NSW 8BBIB8*— YOIit XY* B 
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GopiHHAoiH, Dangeke Mitborolooibu iNBTirnT. ^Bulletin MMorologlqaa dn Mord, 
Deo. 1887 to Nov. 1888. 

CoBDOBA, AoAoxMu Nahonal de C11NCU8.— Bdetin, Tomo X. Ptrta 1 and 2, and 
Tomo XI. Parts 1 and 2. 

CoBDOBA, OncxKA MsTEOBOLdoxcA Abobntina. — Aoiiales. Tome VL 

Cbacow, E. E. Stbbnwabte.— Meteorologischo Bcobachtangeii, Not. 1887 to Sept. 
1888. 

Cbotdon, Micboscopical and Natubal Hxstobt Club.— Daily Rainfall in the Ccoydon 
District, Jan. to Nov. 1888. 

DoBPAT, K. LiTLANDxscHE obheimrOtziob umi> OK0N01CI8CHI 8ocm£T.^Beridht 
Uber die Ergebnisse dex BeolMuditongen an den Regenstationen for daft Jahr 1886. 

DoBPAT. OBSEBVATOEimf. — ^Metoorologisohe Beobaehtnngen Jan. to Anril 1888.~- 
Privatbeobachtungen der Begenstation Alswig im Jahre 1886, von Praf. K. WeOiiaiMh. 

Dublin, Gerebal Reoibteb OPFicE.^Detailed Annual Beport of tfa a lln flialng- 
General (Ireland), 1887.— Weekly Betoms of Births and Deaths. YdL XKVf* No. 81 
to Vol. XXV. No. 51. 

Dublin, Botal Dublin Socibtt.— The Scientific Proceedings, Yd. V. (N.8.), Parts 
7 and 8 ; Vol. VI. Parts 1 and 2.— The Scientific Transactions, VoL III. (Series U.) 
Part 14, and Vol. IV. Part 1. 

Dublin, Botal Ibisii Acadbict.— Conningfaam Memoirs, No. IV.— List of F^mts 
pablishcd doring 1786 to 1886.— Proceedings, Science, Series II. VoL IV. Noi. 8 and 
8.— Transactions, Vol. XXIX. Parts 1 and 2. 

Edinbuboh, Fisbbbt Boabd fob Sootland. — Beport, 1887. 

EniNBUBon, Gbnebal Beqibteb Office.— Qnarterly Betnms of the Births, Mar- 
riages, and Deaths registered in Scotland for the four quarters ending Sept 80th| 1888. 

EniNBUBon, Botal Bcorxisn Geoobaphiqal Societt. — SootSsh Geogu^hiaal 
Magazine, Jan. to Dec. 1888. 

Edinbuboh, Botal Socdstt.— List of Members.— Prooeedings, Nos. IIS to 188. 

Fiuhb, I. B. AccADEMu Di BiABiNA.— Metcorologlcal ObservationSa Od^ 1887 io 
Sept. 1888. 

Geneva, Soatr^: de G£:oobapeie.— Le Globe ; Bolletin ; Tome XXVIL Nos* 1 and 2. 

Glasgow, PniLosopnicAL Societt. — Proceedings, Vol. XIX. 

Gbeenwich, Rotal Obsebvatobt.— Report of the Astronomer Boyal to the Boatd of 
Visitors, Jane 2nd, 1888.— Results of the Magnetioal and Meteorologioal Obsecrations, 
1886. 

Halle, E. Leopoldino-Oabolinische Deutsche Axadbxie deb Natubiobsobxb. — 
Der absolate NoUponkt der Temperatnr. Von P. Gerber.— Leopoldina, Hefte XXIT. 
and XXIIL, 1886 and 1887.— Ueber die eUiptische Polarisation d« W&noaeslralilen 
bei der Reflexion von Metallen. Von Dr. H. Knoblanch. 

Hambubo, Deutsche Seewabte. — Deatsdie neberseeisdie meteofologkMho Beobadi- 
tnngen. Heft 1.— Metoorologische Beobachtongen in Dentsohland, 1886, Jahigaag IX — 
Monatsberioht, Aag. 1887 to Aug. 1888.— Vierteljahrs-Wetter-Bnndschaa an der Hand 
der taglichen synoptischen Wetterkarten f ^ den Nordatlantisohen Oeean Winter 1888- 
1884. Band 1, Hefts 2 to 4.— Wetterberioht, 1888. 

HoNosoNO, OBSEBVATOBT.-r-InstmctionB for making Meteorologioal Obeerftttiotta 
prepared for use in China ; and the Law of Storms in the Eastern Seas. — Obmra- 
tions made in the year 1887.— Beport on Information issued in 1888 oonoeming 
Typhoons.— Weather Report, October 1887. 

Iowa, Wbathbb Sebvioe.^A few facts about the Iowa Weather Servioe, by Dr. O. 
Hinrichs. — Examination of the practical valne of the Flag Signals of the U.S. Signal 
Service, by Dr. G. Hinrichs.— Fifth Biennial Report of the Central Station.— Iowa 
Weather Bolletin, 1886.— Iowa Weather RepOTt, 1881, Part 4 ; 1883, Parts 1 to^; and 
1886.— The Climate of Southern Russia and Iowa compared, by Dr. G. Hinri^a^ 

Kablsbxthe, Centbalbxtbeau fOb Meteobolooib und HTDBOOBiPHni.— 'Die Eigeb-' 
nisse dor meteorologischen Beobachtungen im Jahre, 1887. 

Ebw, Obsebvatobt. — Report of the Eew Committee for the year ending Get. 81, 1887. 

Leon, Escuela de iNSTBuaoN Secundabu. — Resumen General de las Observaeionea 
Meteorologicas, 1878-87. 

Lisbon, Academu Real das Sciencias.— Jomal de Sciencias MathemAtioas, VhjtAnMM 
e Naturaes. No. 45. 

Lisbon, Obsebvatobio do Infante D. Luiz. — Humidado do ar em losbpa, 1856- 
18S0.— Obaerva^oes dos Postos Meteorologicos, 1883 and 1884. 

LiBDON, SociEDADE DE Geoobaphia. -Bolctim, 7a Serie, Nos. 2 to 10. 

London, Bbitish Assocution fob the Advancement of Soiehoe. — ^Beport, 1887. 

London, Colonial Office.— Meteorological Beport, Straits Settlement, 1887. 
vations made at the Hong-Eong Observatory in the year 1887. 

London, Genebal Beoistbb Office.— Annual Summaiy of Births, Deaftfas, and 
Causes of Death in London and other great towns, 1887.— Qaartei|y Betoms xd Mar- 
riages, Births, and Deaths for the four quarters ending S^t. SOOi, 1888.— WseUy "^ 
turns of Births and Deaths, Vol. XLVIIL No. 62 to Vol. UIX. Vo, 81, 
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' LoHMii, Omlo&ioal SooxsTY.^Quarterly Jonnutl, Nob 173 to 176. 

Lqioom, Ikdu OvnoB.— Aoooant of the Operations ol the Great Trigonometrical 
Snrrej of Indis, Yd. X. 

LoNiKUi, MxTSOROLOOicAL OFFICE. — Allautio Weathor Charts, Parts III. and lY.— - 
Charti ahowing the mean Barometrical Pressure over the Atlantic, Indian, and Pacific 
Ooeans. — GontrihntionB to onr knowledge of the Meteorology of the Arctic Begions, 
Flui Y.— Daily Weather Reports, 1888.— Hoorly BeadiDgs, April to December 1886.— 
Meteorological Observations at Stations of the Second Order for the years 1883 and 
1884.— Monthly Weather Reports, Jan. to April 1887.— Quarterly Weather Report, 
July to Sept. 1879. — Report of the Meteorological Cooncil to the Royal Society for the 
year ending Bfarch 81, 1887. -Weekly Weather Report, Yol. lY. No. 51 to Yol. Y. 
MO. 50. — Baffometervergleichungen ausgefiihrt in den Jahrcn 1886 to 1887 an versdiie- 
doMn Meieofologisehen Oentralstellen, von A. F. Sundell.— Bulletin M6t6orologique du 
D^partement des Pyr6n6ofl-Orientales 1885. — Bulletin Mcnsnel da Service GentraJ 
M6t6ofdlogiqae de TAIgerie Feb. and April 1887 to Feb. ] 888.— Bulletin quotidien de 
r Algeria, Dee. 1, 1887,;to;Nov. 80, 1888.~Die Yertheilung der Winde und des Loftdmcks 
am Caroiadien Meere. Yon. M. Rykatschew. — Ergebnisse der Beobachtungen der 
meieoitmgiBehen Stationen des Grossherzogthums Baden im Jahre 1886. — Fahnonth 
Ofaservstoxy Magnetographs. — Meteorological Observations made at Southporfc, Aug. 27. 
1887, to Oet. 26, 1888.— Meteorological Observations, Trinidad, West Indies, 1880-82. 
— Obaemitiona M6t6orologiqaes du R^eau Africain, 1884.— Observations M6t6orolo- 
^uea faitea H St. Martin de Hinz, France, 1884 et 1887. — Thermometer Exposure. 
^H. A. Hasen. — The Son Gbws. By H. A. Hazen.— Thunderstorms of May 1884. 
J^ H. A. Hazen. —Tornadoes. By H. A. Hazen. — Determination of Air Temperature 
•ad Humidity. By H. A. Hazen. 

LovDOW, Pbotoobapbic Club. — Annual Report, 1887. 

LovDOV, Phtsical Societt. — Proceedings, Yol. IX., Pts. 2 to 4. 

LoxDoii, BiLioious Tract Socxktt. — Leisure Hour, Nov. 1868. 

LoHDOM, BoTAL AoBicuLTURAL BociETY. — Joumal, Yol. XXI Y. 

IiOHDOii* RoTAL AsTBOMOMiOAii SociBTT. — Mcmoirs, Yol. XLIX. Part I. — Monthly 
Notioea, Yol. XLYIH. No. 2 to Yol. XLIX. No. 9. 

LoRDOH, BoTAL BoTANio SociETT.— Quarterly Record, Nos. 32 to 35. 

LoMnoN, RoTAL Institution of Great Britain.— Proceedings, No. 81. 

LoimoN, BoTAL SocixTT.^-Proceedings, Nos. 260-271.- Report of the Erakatoa Com- 
mittee, Emption of Erakatoa and subsequent phenomena. 

IiOHDOH, SociKTT OF Arts.— Joumal, Nos. 1833 to 1884. 

LoVDOii, SooiBTT OF Telboraph Enoinbers and of Electricians.- Journal, Nos. 68 
to 74. 

Madsab, GovsBiiMXNT Obsebvatobt. — Results of Observations of the fixed stars 
made with the Bleridian Circle during the years 1865, 1866 and 1867. 

ICadbid, Obsbbvatorio.— Observaciones Meteorologicas efeotuadas en el Observa- 
torio, 1882 to 1885. — Resnmen des las Observacioncs Meteorologicas efectnadas en la 
Peninsnla, 1888. 

Madbid, Sooiedao Geographica. — Boletin, Tomo XXIII. Nos. 3 to 6, Tomo XXIY. 
Noa. 4 to 6, and Tomo XXY. Nos. 1 and 2. 

Maodbbubo, Wbttebwabte der Magdeburoischbn Zeituno.— Jahrbuch, 1886 and 

1887. 

Mavcbxstbr, Litbrart and Philosophical Society. —Memoirs, Third Series, Yol. 
X.— Fkoceedings, Yols. XXY. and XXYI. — Memoirs and Proceedings, Fourth Scries, 
Vol. L 

Mablbobouoh, Collboe Natural History Society. — Report for 1887. 

HABaBOLBS, CoMinBSioN Meteorologique du Departement des Bouchcs-du- 
Bbomb.— BnOtodn Annuel, 1882-86. 

Mblboubmb, Govbbnxent Orservatory.— Monthly Record of Results of Obscrva- 
tiona in Metaorology, Terrestrial Magnetism, etc., August 1887 to May 1888. 

Mbtb, AcADiiOB.— Observations M6tCK)rologiques faites ^ Metz, 1884. 

Mbzioo, Obsbbvatorio Mbteorol6oico-Maon&tico Central. — Boletin Mensual, 
Tomo I. Nos. 1 to 7. 

Mbdoo, Soczedad Cientifica " Antonio Alzate." — Memorias, Tome I. Nob. T), 8, 
and 10 to 12. 

liiGBiOAii, SiATB Board of Health.— Annual Report for the Fiscal Year ending 
June SOth, 1887. — Principal Meteorological Conditions in Michigan in 1885 and 1886. — 
Frooaedinga and Ad^esses at Sanitary Conventions held at Albion, Dec. 1887 ; at 
ICaaiBtee, Jme 1888 ; at Owosao, Nov. 22 and 23, 1887; and at Traverse City, Aug. 
24 and 25, 1887.— Report of the Secretary for the year ending September 30, 1886. 

BfiLAir, R. OasBBVATOBio Di Brera.— Corrispondenza Astronomica fra G. PiazzI e 
B. OrianL— Detenninazione della Latitudine della Stazione Astronomica di Termoli 
nMdiaato paaaaggi di stalle al primo vertioale. Memoria di F. Porro.^-Osservazioni Me- 
teo>olo|^e eaeqnite neli* anno 1887. — Osservazioni Meteorologiche Orarie ottenute da 
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Stromenti Begifltralori donnte 1' anno 1882. BUeTate e oaloolate da 0. FofnionL— 
Osserrazioni snlle stelle doppie da O. U. Sohiaparelli. 

Monte Vidbo, Obsibvatobio del Coleoio Fio de Vill4 Colo««— Bdietin Maninal, 
Dec. 1887 to Feb. 1888. 

Moscow, SociiTt Imp£Bialb des Natubalistes. — Bulletin, 1887, No. 4, and 1888, 
Nos. 1 to 3.— Meteorologiflche Beobachtungeo, Jan. 1887 to June 18^. 

Munich, K. B. Mbteoboloozbche Centbal-Station.— Beobaohtnngen dermeteoro- 
logiBohen Stationen im Eon. Bayern, Jahrgang IX. Heft 8 to Jahrgang X. Heft 2w— 
Uebenicht aber die WitteningBTerh&ltnisse im Eon. Bayern, Deo. 1887 to Hot. 1888. 

Munich, E. Stebnwabte. — Meteorologische Beobachtongen im Jahre 1887. Her- 
ansgegeben von H. Seeliger. 

Natal, Obsbbtatobt. — ^Beport for 1887. 

Neuchatel, Soa^T^ Neuchatbloibe db OiooBAPHiE.— BoUetin, Tome IIL, 1887. 

Newhaybn, Connecticut Acadeht of Abtb and Science8.— TranaaotionB, VoL VII. 
Part 2. 

New Yobi, Aoadext of Scibhces.— Transactions, Vol. VI. and Vol. VII., Noa. 1 
to 8. 

New Yobk, Centbal Pabs Obsebtatobt.— Abstracts of Begisten from Self -Beoording 
Instmments, Deo. 1887 to Nov. 1888. 

Ottawa, Gbolooical and Nattbal Histobt Subtet of Canada.— Annual Eeport, 
Vol. II., 1886. 

Pabis, Academy of Sciences.— Mission Soientifiqne da Cap Horn 1882-1888. Tome 
I. Histoire da Voyage, par Capt. L. T. Martial. Tome IV. Chtologie, par le Dr. Hyadea. 
Tome VI. Zoologie, Anwdmides, par £. Simon. 

Pabis, Bubbau Centbal MiT^oBOLooiQUE de Fbancb. — Annalea, 1884, Part H. ; 1885, 
Parts 1-4; and 1886, Parts 1 and 3.— Bolletin International, 1888.— Obaervationa 
M6t^rologiqaes da B6seaa Africain, 1885. 

Pabis, Obsbbyatoibb Municipal de Montsoubis. — Annaire, 1888. 

Pabis, Soci^Tic M£t£obolooique de Fbance.— Annaaire, Sept. 1887 to Ang. 1888. 

Philadblphia, Axebican Philosophical Society.— Prooeedings, Noi. 126 and 127. — 
TransaoUons, Vol. XVI. New Series, Part II. 

PoLA, E. E. Hydbogbaphisches Axt.— Meteorologische and magnetifldhe Beobaoh- 
tangen, Nov. 1887 to Oct. 1888. 

Pbaque, E. E. Stebnwabte.- Magnetische and meteorologische Beobadhtongen, 1887. 

Pubbla.— Boletin de Estadistica, Tomo I. Nos. 18 to 32, 39 to 42, and 44 to 47 ; 
and Tomo 11. Nos. 1 to 3. 

Bio db Janeibo, Obsbbyatoibb iMPiBiAL.— Annalee, Tome III.— Annnario, 1885-87. 
Bevista do ObserYatorio, Dec. 1887 to March, Jane, and Aag. to NoY. 1888. 

Bio de Janeibo, V Obsebyatobio Meteobolooico Bbpabti^Io dob TBT.EffmPHoa do 
Bbasil.— Boletins Mensaes, 1886-1887. 

San Febnando, Instituto y Obsebyatobio de Mabina. — ^Anales. Seodon 2. Obser- 
Yacionee Meteorol6gicas, Afio 1886. 

San Jost, Instituto Meteobolooico Naoional.— Boletin Trimestral, Noa. 1 to 3. 

Santuoo, Oficina HiDBOGBAFicA DE Chile.— Annaario Hidrografioo de la Marina de 
Chile. AnoXU. 

Stockholm, Aoad£hib Boyale des Sciencbs db SufeDE.— Exploration Internationale 
des B^gions Polaires, 1882-1883. ObserYations faites aa Cap Thordaen, Spitsberg, par 
I'Ezpedition Soedoise. Tome I. Pt. 4, Tome U. Pts. 2, 3 and 4. 

Stonyhubst, College Obbebyatoby. — Besalts of Magnetical and Meteorologioal 
ObserYations, 1887. 

St. Petbbsbubg, Eaisebliche Axademie deb Wissbnscbaftbh.— Bepertorimn fiir 
Meteorologie. Band XI. 

St. Petbbsbubg, Eaibbbl. Bussischen Geogbaphischen Gbsbllbohaft. — Beobaoh- 
tangen der Bassisohen Polarstation an der Lenamiindang, IL TheiL Meteorologiaohe 
Beobachtongen, II. Leiferang. 

St. Petebsbubo, Phybikalisches Cbntbal Obsebyatobiux. — Annalen, 1886, Theil 
U. ; and 1887, TheU I. 

Sydnby, Royal Society of New South Walbs. — Journal and Proceedings, VoL XX. 
XXI. and XXII. Pt. I. 

Tabmanu, Boyal Society.— Papers and Proceedings, 1887. 

TiFLis, Physikalisches Obsebyatobium.— Magnetische Beobachtongen im Jahre 
1886-1887.— Meteorologische Beobachtongen, 1886. 

Tosio, Ihpebial Meteobologioal Obsebyatoby. — ^Annoal Meteorologioal Beport for 
the year 1886, Part U.— Monthly Sommaries and Monthly Means, 1886.— Beport of 
an expedition to Moont Foji, 1887. 

ToKio, Impebial Uniyebsity of Japan.— The Calendar for the year 1887-88. 

Tobonto, Meteobologioal Office.— Monthly Weather BoYiew, NoY. 1887 to Sept. 
1888.- Beport of the Meteorological SerYioe of the Dominion of Canada, 1885.— 
Toronto General Meteorologioal Begister, 1887. 
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Tbixstx, Osbbbtatobio Mabittimo.— Bapporto Annaale, 1885. 

TuBiN, BoasTi Mbteorolooica Italiana. — Annoario Meteorologioo Italiano. Anno 
m., 1888. — Bolldttino Mensuale pnbblioato per oara dell' Osservatorio Centrale'del Real 
Goll€gio Carlo Alberto in Monoalieri. Soric U. Vol. VU. No. 12 to Vol. VUI. No. 11. 

Up8AIi4, Obsbevatoibb MiTiEOBOLOGiQUE DB L*Univebsit6. — Bulletin Mensael, 1887. 

Utbboht, K. Nidbblandsoh Mbteobolooisch iNSTiruuT.^NederlandBch Metooro- 
lo^ofloh Jaarboek, voor 1887. 

YmmA, K. K. Gbmtbalanstalt f^b Meteobolooie und EBDHAaHETisMus. — ^Beobaoh- 
tnngen, Oct. 1887 to Sept. 1888.»Jahrbaoh, 1886. 

VzEHKA, K. K. ZooLOOiscn-BOTANiscHE GESELLSTjnAFT. — Verhandlungen, 1887, 
P^trts 8 and 4. 

ViENMA, OESTSBBEicmscHE Qesellschaft f^b Meteobolooie.— Meteorologische 
Zdtsohrift, Jan. to Not. 1888. 

Washiroton, Office of the Chief Signal Offices. — Contributions to tbe Natural 
History of Alaaka, l^ L. M. Tomer. 

Wabhihoton, SmTHSONiAN Institution. — Annual Beport, 1885 ; Part II. 

Watfobd, Hsbtvobdbhibe Natubal Hibtobt SociBTT.—Transaotions, Vol. IV. Part 8 
to Vol. V. Part 8. 

Wbllinoton, Beoibtbab-Oeneral*s Office. — Statistics of the Colony of New 
Zealand, 1886. 

Wbllinoton Collbob, Natural Science Society. — Boport« 1887. 

Wbstiiinstbb, Fbbb Public Libbabt.— Annual Report, 1887-88. 

Yalb, U bi v bbsity Obsebyatobt. — Reports, 1886-7, and 1887-8. 

Zi-£a-Wbi, Obsbbvatoibb Maonetique bt MIsteobolooique. — ^Bulletin Mensuel, 
1886. 

Zubigb, Sohwxizebisohs Mbtbobolooisohe Central- ANSTALT.—Annalen, 1886. 



Presented by Individuals. 

Abbboboxbt, Hon. B.— InstraotionB for observing Clouds on Land and Sea. 

Axj>Bii>GB, B. G. — Partial History of the Weather !of the Jubilee Year, and of the 
cOfinnflncement of 1888. 

Alltsbt, Mi88 M. — ^Traces from a Richard Barograph, at Hemingford, Stratford-on- 
ATon, Jan. 2 to Annl 1, 1888. (MS.) 

Auousrni, Db. F.— Uber den jShrliohen Oang der meteorologischen Elcmento in Prag. 

Babbb, Bb. H. B. — ^Recent Advances in State Medicine.— The Causation of Cold 
"Weather Diseasee. — The Causation of Pneumonia. 

Batgbbldbr, J. M. — ^Temperature of the Saco River, U.S.A., 1837-9. 

Batbxav, Pabbonb and Bateiian, Messbs. — ^Returns of the Rainfall in the Glasgow, 
Haneheiter, Athlon, Dewsbuxy, Eialifaz, Blackburn, Stockport, Oldham, and Batley 
'WatenrorkB DiBtriots, 1854-1887. 

BixABD, Prof. P.— Bulletin de la Station M6t^rologiqae de Port-au-Prince (Hayti), 
Anvil to Not. 1888. (MS.) 

Bbrtqdaro, C.B. db. — ^Riegistro del servicio Met6or61ogioo en Luzon y costa de China, 
July to Deo. 1887. — Reglamento Interino 6 Instruooion Praotica para uso de las Esta" 
aoDM MeteoKologioas seoundarias de las Islas Filipinas, 1884. 

BiosHBLL, P.^Beokenham Rainfall, 1868-87. 

BmroB, J. B. — ^Rainfall, &c., at Blackrock, near Cork, Dec. 1887 to Feb. and April 
to Nov. 1888. (MS.) 

Blaxvobd, H. F., F.R.S. — On the Influence of Indian Forests on the Rainfall.— On 
tbe Belatioiis of the Diurnal Barometric Maxima to certain critical conditions of Tem- 
perature, Cloud, and Rainfall. 

Bbowb, a., and Wbitblbooe, Db. B. A.— Summary of Meteorological Observations 
at Nottiniriiam, 1887. 

Bund, J. W. Waus. — ^The Severn Watershed. 

BuTB Ballot, Db. C. H. D.^^Verdeeling der Warm to over de Aardc. 

Cambbidob, Bbv..O. p. — On the effects of a Flsish of Lightuiug at Bloxworth on the 
9th April, 1886. 

Gabbuthbbs, Rbv. G. T. — The Cause of Light.— The Cause of Terrestrial Mag- 
netism.— The Earth's Polar Floods in Perihelion. 

Cbabduo, a. — Meteorological Observations made at Torquay, 1888. (MS.) 

CiiiBK, J. B.— The Natural History Journal and School Reporter, Nos. 100 to 108. 

CoKiLADOB, Pbof. D. — ^Du Vcrglas et de la Grele.— Execution des Tunnels JL Ciel 
FermA par Pemploi de Pair comprim6 nouvelle pompe de compression. — ^M^moire sur 
la eo m preerion oes liquides et la vitesse du son dans I'eau, par MM. D. CoUadon et C. 
Btnrm.-Mteoire sur les eflets de la foudre sur les arbres et Ics plantes ligneuses et Temploi 
dee arfareeoomme paratonndreB.— Mouvements remarquables qui sucoddent quelquefoifl 
k la chiUe ta gmms de grdle on de gresil. — ^Notice but les incendiee allum^ par la 
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foudro. -Rc'SumC* de 9 6tudes anciennea de 1826 a 1835 sur V Electricity atmoephfirique.— 
Sur la transmissiou de son dang Teaa. — Sar les d6gats caasEs par on ooap de loadre 
d'une intensity ezceptionnelle. — Sor les tourbillons a^riens.— Sar leB trombea. Beponae 
ii, M. Faye. — Sur quelques obserrations de verglas analogues & celui da moia de Janvier 
1879 et sur lo mode de formation de la grOle.— Sur une chute de grteil k Gen^e, le 19 
Janvier 1881. 

CoxEN, Mrs.— Meteorological Observations made at Omega ""Cottage, Bolimba, 
Queensland, 1883G, and Jan. 1887 to June 1888. (MS^ 

Cruls, L. — Dictionnaire Climatologique Universel. Hdponse JL an article pnblie dans 
la Mt'tcorologiscbe Zeitschrift. 

Curtis, H. P.— Practical Hints in regard to West Indian Horricanes. Bj Lieut. 0. 
L. Dyer. — Tornadoes. By Lieut. J. B. Finley. 

Denza, Padre F.— Alcune Notizie sul Terremoto del 23 febbraio 1887.— Oasenrasioni 
Meteorologicbe in PaUone esequite in Italia negli anni 1885-86. 

DuFouR, Prof. H. — Note sur quelques effets de la Foudre. 

EoAR, S. — Meteorological Observations made at Wryde, 1888. (MS.) 

Elliott, Dr. G. S. — Meteorological Observations made at Caternam, 1888. (MS.) 

ExNER, Dr. F.— Ueber transportable Apparate zur Beobacbtang der atmoaphaiiaoheD 
Elektrioitat. 

Fletcher, J. — Meteorological Observations made at Sutton Coldfield, 1888. P^O 

FoRDHAM, H. G.~A record of Water-level in a deep chalk well at Barley, Herts., 
1864 to 18&6.~The Meteorite of the 20th of November 1887. 

Fox, W. L.— Meteorological Tables for West Cornwall and the Sdlly Islands, 1887 ; 
also for Falmouth, 1871 to 1885. 

Gltde, E. E. — Abstract of Meteorological Observations made at Bitbbaoombe, Tor- 
quay, during the year 1887.-«>Meteorological Summaries, Babbacombe, Torquay, Nov. 
1887 to Nov. 1888. 

Greenwood, W. N.— The Life of a Wave, from its cradle to its grave. — Kludono- 
metric Tide Tables, 1889. 

Hall, M. — Jamaica Weather Report, Nov. 1887 to Sept. 1888. 

Hamlyn, J. — Meteorological Observations made at Bnokiastleigh, 1888. (MS.) 

Hann, Db. J. — Der tagUche und jahrliche Gang der Windgesehwindigk^it and der 
Windrichtung auf der Insel Lcsina. 

Harvet, Bev. C. W. — Bainfall in Hertfordshire, Dec. 1887. 

Haydbm, £. — The Pilot Chart of the North Atlantic Ocean. 

Hellhan, Dr. G. — Der Wolkenbruch am 2-8 August 1888 im Gebiete dea oberen 
Quels und Bober. — Die BegenverhiUtnisse der Iberischen Halbinsel. 

Hewitt, C. E. B.— Wiltshire Bainfall, Dec. 1887 to Sept. 1888. 

Hill, S. A. — Ueber die jahrliche Schwankung des Barometers in Indien. 

HopsiKBON, J. — A Sketch of the Geology and Climate of Hertfordshire, with notes 
on its botanical districts. — Meteorological Observations taken at Thxooking, Herts, 
during 1884 to 1886. By Bev. C. W. Harvey. — Meteorological Observationa taken at 
Watford during 1877, 1885, and 1886. — Report on Phenolof[ioal Phenomena obaerved 
in Hertfordshire during 1885 and 1886.— Report on the Bainfall in Herifocdahire in 
1884 to 1886. By Bev. C. W. Harvey. 

Hunter, J. —Meteorological Observations atBelper, 1888. 

Jackson, W. E — Meteorological Observations made at Erenkeuy, Conatantanople, 
Dec. 1887 to Nov. 1888. {US.) 

Eamsiebhann, A. — R6sum6 MC'tuorologiquc de I'ann^e 1887 pour Gendve et le Grand 
Saint-Bcruard. 

Lancaster, A. — Lo Climat de la Bclgiquc en 1887.— Tableaux -B^om^ dee Obser- 
vations M6t6orologiques faitos A Bruxelles 1833-1882, U. Pression de Tair. 

Lawson, B., LL.D. — The Milroy Lectures on Epidemic Influences. 

Lee, G. J.— Incwadi Yami, or Twenty Years* Personal Experience in Booth Africa. 
Bv J. W. Matthews, M.D. — Meteorological Observations made at Kimberley, Soath 
Africa, Nov. 1887 to Oct. 1888. (MS.) 

Leupold, H. — Weather Maps of Davos Platz, Jan. to Deo. 1887. 

Llotd, H. J.—Meteorological Observations made at Barmouth, 1883* (MS.) 

Malan, Rev. A. H.— Meteorological Observations made at Altaman, 1888. (MS.) 

Mann, Mrs.— Sketch of the Life and Work of Dr. Mann. 

Marilaun, F. E. v. — Untersuchungen iiber die Sohneegrenze im Gebiete dea mittlerent. 
Innthales. 

Massie, Admiral T. L. — Meteorological Journals kept by R. Maaaie at Polford Hall, 
near Wrexham, 1862-1887. (MS.) 

Mawlet, E.— Meteorological Observations taken at Berkhamated, Apnl 19 to Deo.'87, 
18S7.— The Bosarian's Year Book, 1888. 

McAdie, a.— Atmospheric Electricity at high altitudes.— William Fenell. 

McLandsbobouoh, J., AND Prbston, a. E.— Meteorology of Bradioid lor 1887. 

Merrifield, Dr. J.— Meteorological Summary lor the year 1887 at Plymouth. 
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MiDOLiT, W. W.-^Fall of Bain at Bolion, Belmont, Heaton, Entwhistlo, Dlackpoul, 
Ao. for the year 1887. 

MiLLXB, BfiBB.— Meteorological Register for the years 1826 to 1855, kept by the Bev. 
J. K. mUer, Vicar of WalkonDghiim, Notts. (MS.) 

HoHN, PaoF. H. — Studier over Nedborens Varigbed og Toethcd i Norge.— Tordeuvej- 
zens Bjpmgjkied i Norge, 1867-1883. 

MoBN, Fbof. H., and Hildebbandsbom, H. —LesOrages dans la P6Din8ulo Scandinave. 

KouasxTTB, G. — Otage du 12 Mai 1886. La foudre en spirale. 

Nimmufy ICug. — ^Miacellaneoas Meteorological Memoranda collected by Bev. P. H. 
Newnham. (MS.) 

NiPHBB, F. E. — The volt, the ohm, and the ampere. 

Obmmbod, a. W.— Bainfall at Teignmouth, 1887. 

Paob, Db. H.^Meteorological Observations made at Bodditch, 1887. (MS.) 

PaABSow, C. N.— Meteorological Observations made at Beading, 1888. (MS.) 

PlBiOAL, F.— Some account of the Perigal Family. 

Pbxston, Rsv. T. a.— The Flowering Plants of Wilts, with sketches of the Physical 
Geography and Climate of the County. 

FkavcB, C. L.*-The Summary of a Meteorological Journal kept at Crowborongh^ 
Sussex, 1887. 

Pam, W. — Etude de la structure de I'ddlair par la photographic. 

Badfobd, Db. W. T.— Clunate of Exeter, 18291836.. By Dr. T. F. Barham.^ 
Ldirbuch der Meteorologle. Yon Prof. L. F. Eamtz. 

Baooha, Pbof. D. — Ihressione Atmosferiea Bi-Oraria del 1887 tratta dai riliovi del 
barometro registratore Bichard. 

Bicoo, Pbof. A. — Biassunto delle osservozioni o studii dei^^randi crepuscoli rose!. 

BioDBN, B.— Canterbury Weather, 1887. 

Botch, A. L. — Summary of Observations for 1887 made at Blue Hill Meteorological 
Observatoiy, Mass.— The new mountain meteorological stations on the Sonnblick and 
Bantis. 

Btvbs, Bbv. G. T.— The Weather of 1887. 

Salle, Otto.— Das Wetter, Jan.-Dec. 1888. 

Scott, B. H.— On Becent Progress in Weather Knowledge (1873).— On the Gonuec- 
tion between Air-currents and subsequent weather. — On the employment of a Plani- 
meter to obtain mean values from the traces of continuously self -recording meteoro- 
logical instruments. — On the Work of the Meteorological Office, Past and Present 
(1869). — Storms in the British Islands, and Telegraphic Weather Intelligence. By 
B. H. Scott.— The Besnlts of Becent Meteorological Inquiry (1873). 

Shaw, Bxv. G.— Meteorological Observations made at ^arafangana, Madagascar, 
Oct. 1888. (MS.) 

SiBiCBiis Bbothbbs, Messbs., & Co. — Magneto-Inductor and Bridge for testing 
Tiirfitning Conductors. 

dladb, F.— Meteorological Observations for 1887 taken at Beckford, Tewkesbury. 

SiOTH, H.— BainfUl at Hull, 1867-87. 

Smith, Biv. B. B.— Meteorological Observations made at Bamsgate, 1888. (MS.) 

Smithsor, T. S. — Meteorological Observations made at Facit, Bochdale, 1888. (MS<) 

Smtth, C. Pzazzx.— Beport on the state of the Boyal Observatory, Edinburgh, June 
1888.— The Edinburgh Equatorial in 1887. 

Stamlbt, W. F.'Mathematical Drawing and Measuring Instruments. 

Stbaohbt, Gxm. B., F.B.S.— Meteorology of the Bed Sea and Cape Guardafui. 

SwzaroN, A. H. — The Laws of Cyclones. (MS.) 

SixoHB, G. J., F.B.S.— Symons's British Bainfall, 1887.— Symons's Monthly Meteoro- 
lO0oal Magazine, 1888.— Ilie Floating Island in Derwentwater. 

Tatlob AMD Fbangis, Messbs. — Taylor's Calendar of the Meetings of Scientific 
Bodies of London for 1888-89. 

The Editob. — ^American Meteorological Journal, Dec. 1887 to Nov. 1888. 

Ths Bditob.— Cid et Terre, Deuzidme S^ric, Vol. III. No. 21 to Vol. IV. No. 20. 

Thb EnrroB.— Nature, Nos. 949 to 1000. 

Ths Bmtob. — Scientific News, New Series, Vols. I. and 11. 

Thb Edrob. — ^Telegraphic Journal and Electrical Beview, Nos. 528 to 579. 

Thb Edxtobs.— The Observatory, Nos. 132 to 144. 

Tothbbb, Capt. H.— Deuxidme Campagne Scicntifique do "rHirondellc** dans 
1' Atlantique Nord, par Prince A. de Monaco.— Sur des courbcs barom6triqnes enre- 
glatr6es pendant la troisidme campagne scieniifiqae do **rHiroudelle," par Prince A. 
de Monoco. 

Tbipe, Db. J. W.— Beport on the Sanitary Condition of tbo llackuey District for the 
year 1587. 

Taipp, Bkv. C. U.~ Yearly Bainfall at Altamum Vicarage, Cornwall, 1864-87. 

Tbipp, W. B.— Statistics of the Colony of New Zealand, 1885. 

TuBTLB, L.— Beview of the Weather of 1887 at Aghalee, Co. Antrim. 
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Ttbcb, B.— Bainfall in the County ol OloaooBter, Jan. to Mo?. 1888.— 13ie OUmate 
of Cheltenham during the yean 1878-1887.— The Meteorology of Ohaltenhain, 1887. 

Upton, W.— The Storm of March 11-14, 1888, in New Bn^and. 

Upton, W., and Botch, L.— Meteorological ObeenrationB daring the Solar Eelipee, 
Ang. 19, 1887, made at Chlamostino (near Iwanowo), Biunia. 

VKL60HOW, F. A.^The natural Law of Belation between Bainfall and Vegetable Idle 
and its application to Aofltralia. 

Waonbb, Pbof. C— Niederschlage and Qewitter za Kremgmflnnter. 

Watson, Bxy. J.^Meteorologieal ObserTations made at Sedbergli, 1888. (MS.) 

Wbibbauch, Pbof. E.— Neue Untersaehangen iiber die Beeiel'aQhe Fonnel nnd 
deren Verwendang in der Meteorologie. 

Wells, J. G.— Barton-on-Trent Meteorological Sammary for 1886.— Meteocologioal 
Observations made at Barton-on-Trent, 1888. (MS.) 

Whipplb, G. M.^Note on the Verifleation of Thermometers at the freeiing-pnnt 
of mercury. 

WioBRT, T.— Orage aocompagn6 de Trombes prds Upeala. 

Wild, Db. H.— Die Begen-verhiiltnisse des Rassischen Beiches ; mit einem Atlaa. 

WoBiKOF, Db. a.— Ekma des Ben Neris in NW Sohottland.— KUmatologuiohe 
Zeit-and Streitfragen If. and III. 

Wood, T.— Meteorological Observations made at Gwernyfed Park, 1888. (MS). 

WoBTB, J. E.— The Meteorology of Barslem for 1887. 

ZiNOEB, Pbof. Cb. V.^La P6riode Solaire, les esiaims d'Etoilee Filantee et lee 
Perturbations Magnetiqaee. 
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The Meteorological Office.— Lieut.-Gen. R. Strachey, R.£.,C.S.I., F.R.S., 
Chairman of the Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Nav.-Lieut. 
C. W. Baillie, F.R.A.S., Marine Superintendent. 

The only change in the administration of the Office during the year has been 
caused by the retirement in July of Captain Toynbee, who had held the post of 
Marine Superintendent for nearly 22 yearR. He has been succeeded in the office 
by Mr. Baillie. 

Marine MeUorology, — The publication of the Daily Charts of Atlantic Weather 
for the thirteen months ending with August 1883 is now complete. The daily 
charts of the North Indian Ocean for the interval of six weeks aboat the time 
of the Aden Cyclone in May 1885 are in an advanced stage of preparation, and 
will appear in the present year. 

The Meteorology of the Ocean m the vicinity qf Cape Chiardafui, — The Office 
has undertaken a detailed examination of the records especially of Sea Tempera- 
ture around the extreme North-east point of Africa, Cape Guardafai, which 
bears an evil reputation from the frequency of wrecks in its neighbourhood. It 
has been more than once asserted that the sea surface temperature gives suffi- 
cient intimation to a seaman of his precise position. The Council have, therefore, 
directed that this subject be thoroughly investigated, and charts are accordingly 
being prepared, representing the special meteorological features of the district 
for eacn month of the year. 

The inquiry on the Meteorology qf the Red Sea continues to make aatisfactory 
progress. The charts of the Cyclone Tracks of the Indian Ocean are nearly 
ready for publication. The only delay is caused by the fact that the corrected 
data for three years have not yet arrived from the Mauritius. 

The inquiry on the Currents of the Ocean has been continued throughout the 
year. It is of a protracted character, from the large amount of material to be. 
dealt with. 

Part V. of the Contributions to the Meteorology of the Arctic Regions has now 
appeared. It deals with the Meteorology of Behring Straits, including Point 
Barrow. With this part the discussion of all the winter records collected 
during the Franklin Search Expeditions has been brought to an end. 

Weather Telegraphy. — There has been no change of importance in this depart* 
mcnt during the year. 
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The Wieklf fVeathsr Report was issued on the same lines as the volume for 
1887. With the commencement of 1889 the size of this periodical has been 
materially increased, from four pages to six. The area embraced by the charts 
given in it has been much enlarged, and now extends Eastwards so as to include 
Archangel, Moscow and Constantinople, and Southwards to take in Algeria. 
The conspectus of weather includes nearly the whole of Europe. 

Fishery Barometer ItupecOon, — The Council have given directions for an 
inspection to be undertaken of the Fishery Barometers on the coast^ 167 in 
number. Many of these have been visited, and in most instances it is found 
that they are in good order and well cared for. 

The receipt of weather telegrams from the United States has been discon- 
tinued, as it has been found by independent investigation both in this country 
and in France that their utility is practically nil. 

Land Meteorology of the 6riiith lelee. — Hhe Qtuirlerly Weather Report for 
1879 has been completed, and the Hourly Readings up to March 1886 have 
appeared. The discussion by means of the Harmonic Analyser of the Baro- 
srams has been carried on up to the year 1881, and some special work has been 
done with the instrument in order to throw light on the causes of the diurnal 
oscillation of the barometer. 

The volume of the Observationi of Stations of the Second Order for 1884 has 
i^peared, and that for 1885 is in the press. 

The Meteorological Tables for the Registrar-General in Ireland have been, as 
usual, prepared in the Office. 

Tlie printing of the returns for Foreign and Colonial Stations from the records 
of the Aoyal Engineers and the Army Medical Department has now been com- 
menced, and the volume may be expected to i^pear ere very long,^ February 
Aih, 1889. 



ROTAL 0B8BRVAT0BT, Gbeenwioh.— W. H. M. Christie, M.A., F.R.S., Astro' 
nomer RoyaL— During uie year 1888 no changes of instruments or of methods 
have taken place in the Magnetical and Meteorological Department of the 
Observatory. 

The observations of the temperature of the air in a Stevenson screen and on 
the roof of the Magnet House are still continued. The minimum temperature in 
the screen is generiuly higher than that observed on the ordinary stand, and the 
maiimum lower, especial^r in the summer months. Full details of these obser- 
vations will be round in the printed volumes, the printing of that for 1887 being 
now nearly complete. 

The Thomson Electrometer has given some trouble. In the autumn of the 
year 1888, having been in use for ten vears, it received thorough cleaning and 
was oomplel^r renovated by Messrs. Elliott, but with the effect of idtogether 
changing its indications. The scale appears to be very much contracted, and in 
other psraculars there seems to be change, the cause of which we have not been 
able to trace. 

The new thermograph has been continuously in use and gives great satisfac- 
tion, and the Richard thermograph is found to be a very useful instrument for 
continuous registration of the temperature of the Magnet Basement. Wc have 
found a small electric lamp very convenient for making eye observations of 
temperature in the Basement. 

In the autumn of 1888, the pressure springs of Osier's Anemometer were found 
to be in an unsatisfactory state from perishing of the metal of the weaker 
springs, and in October they were removed. The springs were entirely renewed 
by Messrs. Troughton and Simms, and record with the new springs commenced 
on December 12th. As regards the measurement of pressures by Osier's Anemo- 
meter, it may be mentioned that in the year 1882 the rather stiff copper wire 
connecting the pressure plate with the recording j)encil was removed, and replaced 
by a fine brass chain, which being perfectly flexible has given ereater accuracy 
and delicacy to the record. The following note, referring to the action of the 
apparatus previous to the year 1882, which has been inserted in the Introduction 
to the last published volume, that for 1886, may perhaps be with advantage repro- 
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dueed here« — ^ Whilst the action of the pressure i^>paratiis has beea satisfactory 
for moderate winds, it is believed that the record ot occasional very large pres- 
sures in years preceding 1882 was due principally to irregnlar action, in excessive 
gusts, 01 the connecting copper wire, but the brass chain being always in tension, 
the movements of the recording pencil have since been in complete sympathy 
with those of the pressure plate, and in this condition of the apparatus, toat is 
since the year 18&, no pressure greater than about 30 lbs. (on the square foot) 
has been recorded." 

The reduction of the photographic records of the barometer from J87iio 
1876, and of the dry and wet bulb thermometers from 1869 to 1876^ are nearly 
complete, and the results will appear in the volume for 1887. It is {Hroposed 
when this work is finished to take in hand the further discussion of some of our 
accumulated meteorological results. — April Sikj 1889. 



Royal Observatory, Edinbuboh.— Ralph Copeland, Ph.D.^ FJR.A.8., As> 
tronomer Royal for Scotland. — The Meteorological Work of thu Obsenrmtory 
during 1888 nas consisted of : — 

1. The computation of the monthly schedules of observations made twice daily 
at 55 of the stations of the Scottish Meteorological Society, the preparation of 
the mean results and comparison of them with the averages off the part 32 years, 
for the use of the Rej^strar-General of Births, Marries and Deaths in "Scotland, 
who has, as usual, pnnted them in his Monthly and Qnarteiiy Reports. 

2. Readings of the barometer and three differenthr placed thermonetws, to- 
gether with ordinary weather notes, have been made daily at 1 p.m. 

3. Weekly readings have been made of the earth tnermometers sunk in a 
bore-hole in the rock to the depths of 21 feet, 10 feet, 4 feet, and 2 feet respec- 
tively. 

4. Papers have been prepared by Prof. C. Piazzi Smyth, late Astronomer Royal 
for Scotland, entitled ** Mean Scottish Meteorology for the last 82 years,** and 
'* Eight Years* Observations of the New Earth Thermometers.** 

These papers have been printed by the Royal Society of Edinburgh, and 
are to be published in Vol. XXXY. Part 3, of their TraruaeUont. . Tlie first- 
mentioned paper consists of 31 Tables of mean montldy and annual results of 
Scottish Meteorology, with 14 Plates of curves derived from the various tabular ' 
numbers, and a discussion of the old Tables originally published, for the years l 
1856-71. in Vol XIII. of Edinburtfh AsironofMoal OburwUioMy $md of certain 
new Tables now published for the first time. 

The paper on the Earth Thermometers contains 4 Tables, with 8 supplementary 
Tables, and 4 Plates of Curves, and a discussion of the results. 

There is also an unfinished paper on the individual meteorological character* 
istics of the several stations of the Scottish Meteorological Soeie^, intended 
originally to accompany the above-mentioned paper on Mean Scottish Meteoro* 
log^. "Die work was, however, found too extensive to be completed in the time 
available.— January 25thy 1889. 



The Kew Observatory op the Royal Society, Richmond, Surrey.— 
G. M. Whipple, B.Sc., F.R.A.S., Superintendent. — The several self-recording in- 
struments for the continuous registration respectively of atmospheric pressure, 
temperature, and humidity, wind (direction and velocity), bright sunshine, and 
rain, have oeen maint^ned in regular operation throughout the year. The 
standard eye observations for the control of the automatic records have been duly 
registered, together with the daily observations in connection with the U.S. 
Signal Service synchronous system. 

The tabulation of the meteorological traces has been regularly carried on. and 
copies of these, as well as of the eve observations, with notes of .weather, cloud, 
and sunshine, have been transmittea to the Meteorological Ofl^ce. 

Owing to trouble caused by bursting of the water-reservoir for the thermograph 
wet-bulbs during Arosty weather, and the risk of their imperfect action owing to 
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leakage of water, a doable tank has been made, so that in the eveirt of the inner 
vesBef banting, the outer one will prevent any loss of water. • * 

The namber of inAtruments under observation has been increased by the 
addition of a snow gauge on Prof. Nipher^s principle for the purpose of measuritig 
deep falls of snow, but no opportunity has occurred since its erection of testing 
its indications. 

Seven months observations have been made of an 8-inch gaage. with the view 
of determining the effect of paint upon the inner surf ace-of the collecting funnel. 

During the period that the east room of the Observatory was undergoing altera- 
tion, the working standard barometer, Newman 34, was temporarily removed to a 
position a few yards distant in the North Hall. Comparisons were made with the 
Welsh standards, which were carefully cased in, during the time of occupation of 
the room by workmen, both before, subsequent to its removal, and after its 
replaoement in its old position. 

The electrograph under repair at time of last Report, owing to its partial 
destraction by tire, has been ))ut in thorough order. The de la Rue battery, em- 
ployed to charge it, has been cleaned, and its cells refilled by the makers. The 
scale-valae of the instrument has been again determined by means of the portable 
electrometer (White's), and found to be practically unaffected by the accident. 

The past year ha» been very unfavourable to cloud photography at the Observa- 
tory. The opportunities of taking negatives of cirrus, to which particular atten- 
tion ia directea, were rare in the earlier months of the summer, and daring the 
later the building operations prevented, in a great measure, the work being 
carried on. 

Sereral modifications liave been introduced into the svstem of observing, 
materially simplifying it. and the mathematical treatment oi the pictores has also 
been temporarily set asiae in favour of mechanical methods, which affords results 
of a sitfficiently close decree of accuracy in a small fraction of the time occupied 
by the otiier plans of redaction which have been employed hitherto. 

Observations of cloud height, drift, and direction have been treated in this 
manner for 1887 and for 1888, generally with satisfactory results. During April 
special photographs were taken with one camera only, for showing the structural 
cnange m cirrus in short intervals of time, and seven sets of negatives were pro- 
cared, exhibiting the extensive alteration sometimes observed in this class of cloud 
in from one to three minutes. 

Since January 1888 tables of the monthly values of the rainfall and tempera- 
tore have been prepared and sent to the Meteorological Sub-Committee ot the 
Croydon Microscopical and Natural History Club for publication in their Pro- 
e$9amgs. Detailed information of all thunderstorms observed in the neighbour- 
hood durinf^ the year has also been regularly forwarded to the Royal Meteoro- 
logical Societjr soon after their occurrence. 

By permission of the Committee, Mr. Whipple has attended at Hersham on 
■eyenu occasions, and assisted Mr. W. H. Dines, U.A., F.R.MetSoc., in the experi- 
ments in progress, on behalf of the Wind Force Committee of the Royal 
Meteorolo^cai Society, for determining the value of the Robinson constant for 
anemometers of various dimensions, and also for verifying the factor for con- 
rerting wind velocity into pressure. The experiments are similar to those carried 
oat at the Crystal Palace in 1874. 

In the yenfication department about 1,500 instruments belonging to one or 
other of the twenty-seven different classes have undergone examination, and in 
the rating luranch of the Observatory 639 watches have been submitted to ttie 
specified tests. — January 22itJ, 1889. 



Radouffb Obsbbvatory, Oxford.— K. J. Stone, M.A., F.R.8., Radcliffe 
Obseryer.-^The meteorological observations have been made on the same plan 
and with the same instruments, with the addition of four new thermometers for 
eomparison, as in the year 1887. 

The instruments are in good order and working satisfactorily ; readings of the 
standard instruments are rrequently taken each day, and sometimes through the 
night, for check of the scale of the photographic sheets. The zero readings of 
the principal thermometers are generally independently determined each year 
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and all the. oth'er thermometers in use are compared witli them ; the index-errors 
of 80HkQ*o{ these thermometers were also determined by Mr. Whipple on 
SoptemU^r 26th ; the correction, when sensible, is always applied to every pnb- 
iTshed reading. 
.-/-. The Daily and Weekly Weather Reports and the evening forecast published 
. '..-'.^by the Meteorological Office, together with the readings oi our instruments at 
•'..\*-''8 a.m., are exhibited at the outer gates of the Observatory, and attract consider- 
able attention. 

Weather Reports have been sent, as in previous years, daily (by telegram) to 
the Meteoroloncal Office ; bi-monthly to the United States Signal Office ; 
monthly to the Registrar-General and local newspapers ; and yearly to Symons^s 
British Rmnfall: and to others by request 

The amount oi sunshine for 1888 was less than in any year since the recorder 
was mounted in 1880, and the amount of cloud was large, causing the year to be 
very unfavourable for astronomicid observations. An unusualfy heavy fall of 
snow occurred on February 13th-14th, the depth in the Observatory grounds 
being between 20 ins. and 24 ins. On June 25th a severe thunderstorm accom- 
panied by hail occurred, the hail-stones were unusually large, many fell in the 
erounds weighing between ^ and ^ an ounce and one or two a little more ; in 
tne neighbourhood of Oxford, where the hail was heavier, many hundreds of 
windows were broken. 

The months of July, August, and November of the year 1888 were of an 
abnormal character. During the months of July and August the registered 
hours of bright sunshine were respettively only 95 and 150. The mean tempera- 
ture of July was 57^5, which is 4°'l below the average for the last 33 years, and 
that for Aunist was 58 ''*4, or 2^*4 below the average : whilst the mean tem- 
perature for November was 46^*8, which exceeded tiie average hv 4***8. 

The eve-observations are reduced to the end of 1888 ; tne MeUarologieal 
Results for 1885 are now passing through the press. The photographic carves 
for 1887, and the anemograms for 1888, are under measurement ; the rain-gauge 
curves are measured to the end of 1888, and the sunshine cards to date. — 
February 4M, 1889. 



Cambridge OBSERVATORY.^Prof . J. C. Adams, F.R.S.— The meteorological 
work has been carried on by Mr. H. Todd. No change of instruments has been 
found necessary ; but during the month of November the anemometer was dis'- 
covered to be working badly, through the wearing of the spindle ; it has since 
been repaired. 

The weather throughout the year 1888 has been remarkable for the absence of 
genial spring or summer, the conseoucnce has been there was no warmth, only 
on three days the temperature rose aoove 80° ; June 25th it was 87^5, August 
9th and 10th Bb^'.^^anuary 9th, 1889. 



Stonyhurst College Observatory.— Rev. S. J. Periy, F.R.S.— During the 
past year the self-recording and other meteorological instruments have oeen 
kept assiduously at work ; and besides the annual Observatory Report, weekly 
observations have been sent to the Meteorological Office, ana monthly results 
forwarded to the same office and to the Registrar-General and the French 
Meteorological Society. Since November last a weekly report has i^peared in 
the Githeroe Times, 

The upper glow is found to be less brilliant and less frequent than in preceding 
years. A large photo-spectroscope has lately been mounted at the Observatory, 
which may later be employed in certain meteorological researches.— yontcarv 
2Ut, 1889. 
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REPORT ON THE HELM WIND INQUIRY. 

By WnUAM HABBIOTT, F.B.Met.Soc., Assistant Secretary. 

(Plate I.) 



[BMd February 20th, 1889.] 

The sabjeet of the -Helm Wind has been brought before the Society on three 
preyions occasions. On June IStb, 18849 a paper by the Bey. J. Bmnskill 
on ** The Helm Wind "^ was read. This created a great deal of interest in 
the phenomenon, and snbseqoently the Council appointed a Committee to 
eoDect information on the subject. A report of this Committee *' on the occur- 
rences of the Helm Wind from 1871 to 1884 '" was read on April l^th, 1885. 

At the meeting on November 18th, 1885, 1 gave an account of the visit 
which I made to the district on August 19th to 21st, 1885, in company with 
Mr. T. G. Benn, F.B.Met.Soc.' We made the ascent of Cross Fell, drove 
throu|^ most of the villages between the mountain and the river Eden, and 
also went over Hartside Fell to Alston, on the eastern side of Cross Fell, 
By this means we gathered a great deal of general information, but nothing 
very precise as to what persons had actucdly seen or experienced. We came 
to the conclusion that if we were ever to get at the cause of the Helm Wind 
it would be necessary to have observations made on a systematic plan. 

The contour of the country is as follows : — 

The Cross Fell range of mountains forms part of the Pennine Chain, which 
runs from north-north-west to south-south-east. The range from Hartside 
Fell on the north to Hilbeck Fell on the south is high and continuous, and is 
not cut throng by any vaUey . Behind this range on the east there is a high 
mass of land deeply cut by dales and valleys, but the tops of the mountains 
form a high table-land. Cross Fell is 2,900 feet, Dun Fell 2,780 foot, 
Dnfton Fell 2,292 feet, and Hartside Fell 2,046 feet above sea-level. On 
the west there is the Vale of Eden, a plain some twenty miles broad, extending 
to the hills in the Lake district. From the top of the mountain to the plain 
on the west there is an abrupt M of from 1,000 to 1,500 feet in about a 
mile and a half. At the southern end of the range the fall is but slight, there 
being a gradual M of from 800 to 900 feet in five miles from Hilbeck to 
Winton. 

Plate I. gives a reproduction of the Ordnance Survey Map (on a reduced 
scale) of this district. 

At times when the wind is from some Easterly point, the Helm forms over 
this district ; the chief features of the phonomonon being tbe following. A 
heavy bank of cloud rests along the Cross Fell range, at times reaching some 

^ Quarterly Journal, Vol. X. p. 267. 

> Quarterly Journal, Vol. XI. p. 327. 

> Quarterlty Journal, Vol. XIX. p. 1. 
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distauM doim the weetem slopes, nod at others hoTering just abora the 
■nmimt ; while at a distance of three or fbor milei from the foot of the Fell 
a slender roll of dark dond appears in mid-air and parallel with the H^ 
Clond ; this is the Hebn Bar, The space bstween the Helm Clood and the 
Bar is nsnally quite clear, while to the westward the sl^ is at times eompletdy 
covered with cloud. The Bar does not appear to extend farther west thui 
abont the met Eden. A cold wind mshes down tho sides of the Fell and 
blows TiolentI; till it reaches a spot nearly imdemsath the Hehn Bar, when 
it suddenly ceases. 

' On Angost 19th, 1885, Mr. Benn and I ascended Cross Fell in company 
with Mr. B. W. Crosby* and his nephew, and when doBcendiog in the evening 
wo were so fortunate as to witness a slight Helm. We left EirUand at 
8.45 p.m., when the temperatore of the air was 65°, the wind blowing lightly 
from the North-north-east. At B p.m. we were 1,960 feet above sea-level, 
the temperatnre being 67°i and the wind blowing steadily from North- 
n<»ih-eaat, force 4. By 6 p.m. we had reached 2,670 feet above sea-level, 
when the temperatnro was 62°. We gained the sommit, 2,900 feet above 
sea-level, at 6.40 p.m., a few minutes before a mist came on and obbeured 
the view on the east side of the Fell. The air was colder and damper, and 
ihe wind stronger ; tho tomperatnre was 16°, and the wind North-north-east, 
force 6. 

Fig. 1 gives a section of Cross Fell, with the tampwatorefl observed during 
the ascent from Kirkland to the sommit of the moontaia. 




* MlLIS. 

Section op Cross Feu. mrn TcupsiUTuRe OBSHvaiUM 
Hnrbwatal Seals about 1 inch to 7,000 ft. Vertical Soate abont 1 ineh to S,000 ft. 

The misty elond soon covered the top of the Fell, and ns we descended th^^ 
wind increased in force till it reached force 6. 

About 8 p.m. we saw the Helm Bar suspended in mid-air a little below ouv^ 
lovel, bat away apparently over Melmerby.Ooeby, EirklandtMi]bnm,&o. Tfa^» 

1 Sinoethis FaperwaB readlbave heatilvith much regret of the death of Mr. Croeby' 
He wai a moat oaieliil obeerrer, and rendered very great aisUtaoce in the Helm Wuid 
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Bht w«a redly in two parts, there being a deeided clear spaoe between thorn* 
Iha Borther^ portbn of the Bar had a tendency to moye aonthwardSy while 
Um aonthem portion had a tendency to moye northwards. The middle of 
the Bar appeared to be nearly over Eirkland, while the northern extremity 
reaehed to about Benwick, and the sonthem extremity to Knock Pike. I 
IttTe endeayaored in Fig. 2 to give a rough sketch of the Bar as seen from 
GroesFeU. 

Pio. 2. 

MOTlOM TO NOffTH IIOTIOII TO SOUTN 




Helm Bar. as scen from Cross Fit tAucusriaedSL 

Although the Bar appeared to be nearly stationary it was quite evident that 
there was much conmiotion in the cloud itself, as portions of the upper and 
lower surfaces were whirled about in all sorts of ways. We saw this commotion 
to advantage, as the moon was nearly behind the cloud during the greater part 
of the time we lirere descending the mountain. Just before reiitching Eirkland 
at 10.80 p.m. we became conscious that the wind had suddenly ceased and 
that the air was much warmer. This fact seemed so strange that Mr. Benn 
went back about fifty, yards an4 there found the wind blowing quite strongly 
from the Fell, while where I was standing the air was calm or nearly so, with 
an occasional light puff of wind from the South-west. The Helm Bar was 
now nearly overhead. This showed that under the Bar there was an upward 
current. 

Mr. Crosby, who left us at 7.15 p.m. to return to Eirkby There, while 
Mr. Benn and I proceeded northwards to Ardle Head Mine, observed the 
same peculiarities. The next day he sent me the following account : — 

" In coming down the face of the ledge I noticed little scraps of vapour be- 
ginning to condense in the clear space South-west of us, and remarkea to my 
companion that we should probably get out of the wind before we got home, as 
there was a very strong inoication ol the setting of the Helm Bar. 

*< We crossed the stream forming the County Boundary, about 300 yards above 
the fence wall of the Fell, and followed the track along the outsang towards 
Milbnm. The condensing was still goinff on, and there was now a slenaer string 
of doud standing over Mubum-town head ; — ^the white mist was clinging dose to 
the Fell tops, and all the other parts were clear, the slender Bar stretching from 
about Howgill Castle to Kirkland, at about the apparent level of the second 
ledge of Cross Fell, or that of the Silver Band Mine. About half way between 
the Fell foot and Milbum, say } mile from the Bar, we suddenly became aware 
that we had lost the wind and it was dead calm, — so still that a lighted candle 
might easily have been carried bare. We searched our pockets for matches to 
test it, but mifortunately they were not there ; however, though we did not 
actoally prove it, we were both certain that it could have been done, and we had 
ocular demonstration a little later. We stopped and listened, and the peculiar 
sighing, murmuring sound of the Helm Wina could be distinctly heard, coming 
from ue quarter where we parted with our friends. The sound was not loud, — 
the whole affair being of course on a much smaller scale tlian it often is ; but 
the characteristics ol the Helm Wind were plainly there. The airi which had 
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been venr cold, was now warm and balmy as a tommer evening, and before 
we got 200 yaras from th? place where we nrst noticed the calm we met several 
very light puffs of air from the South-west We reached Milbum abont 8.45 
p.m.) the Bar being directly overhead just before we entered the village. It was 
now dark except for the moon, and as we passed the School, one of a group of 
men sitting on the step struck a match to light his pipe, but hearing our foot- 
steps he turned and had a good look at us, holding the pipe in one hand and the 
match in the other. After satisfying his curiosity he kindled his tobacco with- 
out losing his light, and so demonstrated the perfect stillness of the air at that 
point. We took the road by Milbum Hill and Hale Grange to Kirkby Thore ; 
just after passing the Mill we had a steady breeze from South-west for about 
five minutes, force about 3 ; but on the whole it was calm all the way home, 
where we arrived at 9.45 p.m.*' 

The Daily Weather Chart for 6 p.m. is represented in Fig. 8. From 
this it will be seen that the gradients were sli^t and that fine weftthar pre- 
vailed over the greater part of the British Isles ; the only part eovered with 
cloud being the North-east coast of England. 
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Weather Chart. 



Having witnessed a slight Helm, we were enabled to request observations^ 
on certain definite features. Special forms were prepared and sent to 
number of persons in the district w ho had promised to fill them np. 

Observations and reports have been received from the foUowing places : — 



Alston (Love Lady Shield) 
Appleby (Fair Hill) 
Ardle Head Mine 
Askh^m 



T. W. Dickinson 
W. Wallace 
J. C. Russell 
W. T. Nicholson 
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Blencowe T. Fawcett 

Gaahwell Mine A. Shield 

Cnlgaith Rey. G. W. Atkinson 

Dofton C. Liddle 

Edenhall B. W. Loyejoy 

Sirkby Stephen J. Bennison 

Sirkby Thore R. W. Crosby 

Kirkland Key. A. Edwards 

Langwathby J. Powley 

Lazonby Rev. B. W. Wilson 

Little Salkeld W. Arthar 

Melmerby Rey. A. G. Pittar 

Milbnm J. W. Harrison and D. Smith 

Newton Reigny T. G. Benn 

Oosby Miss Golding 

Renwick T. Sayage 

Skelton T. Toppin 

Temple Sowerby J. Byres 

Tynehead T. Richardson 

In order to discuss the observations I prepared some small charts com- 
ismg the northern part of England and the sonth of Scotland, and on these 
plotted the direction and force of the wind, the temperature of the air, and 
e amount of cloud, at all the stations over the whole of that area which 
ire available on each day when a Helm Wind was reported. It was at once 
dn that the Helm occurred mostly when the general direction of the wind 
\a East or North-east, although it occasionally occurred when the wind was 
>rth or South-east. 

In the accompanying Table I have given for each month of the three years 
85-87, the number of days (1) on which the' wind over the greater part of 
9 country blew firom some Easterly point (that is from North to South- 
it) ; (2) when the local wind was from the Eastward (for this the observa- 
110 at Newton Reigny have been used) ; (8) when there was a Helm 
•mation ; and (4) when there was a Helm Bar. 

From this Table it will be seen that the Helm occurs at all seasons of the 
ar ; and that it is not such a rare occurrence as was generally supposed to 
the ease — ^the Helm Bar having been observed on 41 occasions in 1885, 
in 1886, and 19 in 1887. In the Appendix I have given the observers' 
tea on several Helms, in order to show that the phenomenon is not 
itrieted to any particular season. 

A0 already stated, the wind blows strongly down the Fell sides until it 
Dies nearly under the Bar ; it then rushes upwards, and so produces a calm 
neath the Bar. The air in rushing upwards draws the air inwards and 
iwardfl along with it on the other or western side. This accounts for the 
eaterly wind which blows on the western side of the Bar. Further to the 
Mtward, away from the influence of this eddy, there should be a downward 

tIBW SXBIES. — ^VOL. XV. I 
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oarreDt from the eastward. This haa been oonfirmed by obeerrationB made 
by TSi. Dent, on April aist, 1888. (See Appendix, p. 118.) 

The ends of the Bar are frequently joined to the Helm olond, so that the 
elear space between assumes an oval or an elliptieal tana. 

Fig. 4 gives a section of the Cross Fell range and the Eden nlle;, and 
shows approximately the praition of the Helm oloud and the Bar, with the 
direction of the wind. 



t0ttoo«ia«HUf 




□f Cloodi and Wiod Movement during the preTaleoM 6t On Helm Tt 

On examining the charts already referred to it was seen that whenever ttie 
Hehn oconrred the sky waa ahnost invariably cloudy to the eastward ; and 
probably the stratum of olond was of no great altitnde. The distribnti<m d 
presinre was moBtly of a cyclonic character. 

The pbenomenon appears to be dne to the abrupt deseent of the hillf oB 
the west, the air in pouting over the declivity is warmed in its deseent mi 
is consequently able to hold a greater amount of moiatnre i 
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Hu elood tbsnfon is dissolTod on the western aide of the Fell, and only 
ntaaa at b diatuiM of aeveral miles after the distoibance caused by the 
inegnlarity io the oontonr of the land has been overcome. The Bar is 
prodaeed fa; a rebound or rieoohet of the air at the foot of the Fell, the Bar 
g the width of the npward onrrent and also the point at which con- 
I tak« plaee. The roaring sound which is heard when the Helm 
wind blowB ia no donbt due to the msh of cold air down Uie sides of the Fell. 

Simikr winds o«iir on Table Mountain, Cape Colony, and on the Hack- 
galla Monntain in Ceylon. 

Sir John F. W. Hersehel) in bis M*t»orohgy, pp. 95-97, gives the follow- 
iag Moonnt of the " Tabls-eloth " : — 

"That the mete self-expsniioa of the ascending air ia sufGcieat to cause pre- 
cipitation of some of its vapour, when abundant, it rendered matter of ocular 
damonstntion in that very striking phenomenon so common at the Cape of Good 
Hope, where the Booth or Soath-euterly wind which sweeps over the Southern 
Oeean, impinging on the long range of rocks which terminate in the Table 
Homitain, is wown up by Uiem (as marked by the arrows in the direction of 
fig. 8), mues a clear iweep over the flat table land which forms the iiunmit of 




The "IWUe-raoth" ^,.„ , — — -. 

d l it anoea purposely euggeiated, modified Irom Hersefael's Mtitorology. 

that motmtain (^abont 3,850 feet high), and then plnnxes down with the violence 
otaeataract, clinging cioge to the moral precipices that form a kind of back- 
0mnd to Owe Town, which It SUs with dust and uproar. A perfectly cloudless 
wy meanwhile prevuls over the town, the sea, ana the level country, but the 
moratain is covered with a denie white cloud reaching to no great height above 
its sammlt. and quite level, which, thouEh evidently swept along by the wind, 
and harded furioiuly over the edge of the precipice, dissolves and completely 
diaawears on a definite level, suggesting the idea (whence it derives its name} 
of a *taUa-cIoth.' 

" QpcasionallT, when the wind is very violent, a ripple is formed in the aerial 
emranL wbieli, bv a tort of rebotmd in the hollow of the amphitheatre in which 
Ctft Town itanoi, is again thrown up, just over the edge of the sea, vertically 
OY«r the Jetty, where we have itood tor hoors watching a small white patch of 
elood In the leaith. a few acres in extent, in violent iDtemal agitation {bom the 
hinrieane of wind blowing through it), yet immovable, as if fixed by some spell, 
Uw matffial ever dianging, the form and aspect unvsrying. The Table-cloth is 
fonMd also at the commencement of a ' North-wester,' bnt its fringes then de- 
aMod OB the oppoute side of the mountain, which is no less precipitous." 

Sb Bmuiel W. Baker in his Exgtu Yttm in Ctylon (pp. 146-148) gives 
the idlowing aoeoont of a wind similar to the Hehu Wind, bnt withont the 
Bar, irtueh OMora on the HaekgaUa Hoantain in Ceylon :— 



110 MARRIOTT — REPORT ON THE HELM WIND INQUIRY. 

** From June to Novem))er, tlie South- west Monsoon brings wind and mist 
across the Ncwcra Kllia mountains. Clouds of white fog boil up from the Dim- 
boola Valley, like tiio steam from a huge cauldron, and invade tne Ncwera Ellia 
plain throu^ii the gaps in the mountains to the westward. The wind howls over 
the high ridges, cutting the jungle with its keen edge, so that it remains as 
stunted brushwood, and the opaque screen of driving fog and drizzling rain is so 
dense that one feels convinced there is no sun yisible within at least 100 
milcA. 

" There is a peculiar phenomenon, however, in this locality. When the 
weather described prevails at Newera Kllia, there is actually not one drop of rain 
witliin four miles of my house in the direction of Badulla. Dusty roads, a 
cloudless sky, and dazzlinpr sunshine astonish the thoroughly soaked traveller, 
who rides out of the rain and mist into a genial climate as though he passed 
through a curtain. Tiie wvi weather tcnninates at a momitain called Uackgalla 
(or more [iroporly Yakkadagalla, or Iron Rock). This bold rock, whose sum- 
mit is a1)out 6.5(H) feet above the sea, breasts the driving wind, and seems to 
command the storm. The rushing clouds halt in their mad course upon its crest 
and curl in sudden impotence around the craggy summits. The deep ravine 
formed by an opposite mountain is filled with the vanquished mist, which sinks 
powerless in its dark gorge ; and the bright sun, shining from the east, spreads 
a pcr|)etual rain1)ow upon the gauzc-likc cloud of fog which settles in the deep 
hollow. 

'' This is exceedingly beautiful. The perfect circle of the rainbow stands like 
a fairy spell in tiie giddy depth of the hollow, and seems to forbid the advance 
of the monsoon. All before is bright and cloudless, the panorama of the Ouva 
country spread.^ before tlic eye for many miles beneath the feet All behind is 
dark and stormy : the wind is howling, the forests are groaning, the rain is pelt- 
ing upon the hills. 

'* The change appears impossible ; but there it is, ever the same ; season after 
season, year after year, tiie rugged top of Uackgalla struggles with the storms, 
and ever victorious the cliffs smile in the sunshine on the Eastern side, the rain- 
bow reappears witii the monsoon, and its vivid circle remains like the guardian 
spirit of the valley. 

'' It is impossible to do justice to the extraordinary appearance of this scene 
by description. The panoramic view in itself is celebrated, but as the point in 
the road is reached where the termination of the monsoon dissolves the cloud 
and rain into a thin veil of mist, the panorama seen through the gauze-like at- 
mosphere has the exact appearance of a dissolving view ; the deptn, height, and 
distance of every object, all great in reality, are magnified by tiie dim ana un- 
natural appearance ; and by a few steps onward the veil gradually fades away, 
and the distant prospect lies before the eye with a glassy clearness made doubly 
striking by the sudden contrast. 

*' The road winds along about midway up the mountain, bounded on the right by 
the towering cliffs and sloping forest of Ilack^alla, and on the left bv the almost 
precipitous descent of nearly 1,000 feet, the sides of which are clotned by alter- 
nate forest and waving grass. ^At the bottom flows a torrent, whose roar ascend- 
ing from the hidden depth increases the gloomy mystery of the scene. 

" On the Nortli-east and South-cast of Newera Ellia the sunshine is perpetual 
during the reign of the misty atmosphere, which the South-west monsoon drives 
upon the western side of the mountains. Thus there is always an escape open 
from the wet season at Newera Ellia by a short walk of three or four mues. 

<' A long lino of dark cloud is then seen, terminated by a bright blue sky. So 
abrupt is the line, and the cessation of the rain, that it is difficult to imagine 
how the moisture is absorbed. 

'^This sudden termination of the cloud-capped mountain gives rise to a violent 
wind in the sunny valleys and bare hills beneath. The cmlled air of Newera 
Ellia pours down into the sun-warmed atmosphere below, and creates a gale that 
sweeps across the grassy hill-tops with great force, giving the sturdy rhododen- 
drons an inclination to the North-ea.st, which clearly marks the steacUness of the 



monsoon." 



I am indebted to Mr. B. H. Scott, F.B.S., for the tranalation of tho 
subjoined notice of <'An interesting Cloud Formation over the Bay of 
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Bnccori," b; Prof. H. Mohorovicic, which appeared in the ileteoroto'juclte 
ZtitKhr^t tat Fttbrnar; 1869, p. 66, and which bears apon the subject of 
the Helm Bu ;— 

" We do not ofteo reftd of a whirlwind with its aiia liorizontal, and I have not 
been able to find toy notice of such a phenomenon in the MaUorologitehe JZeiUchr{ft. 
I think, therefore, that what I saj may be of interest. 

" The following are the obeervationa taken at Buccari (lat. 45° 18' N, long. 
14" 33' E) on October 17th, 18th, and 19th, 1888 :— 
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" On October 18th at 10 a.m. the drift of the upper etrato-cumuliis 

and of the lower N 80°E ; about 4 p.m. the dr 

N66»E. 



N45°E, 
; about 4 p.m. the drift of tiie Btrato-cumulua was 



" Early in the morning on October ISth tlie eky was densely overcast and the 
barometer falling. On the mountains to tiio North-east we saw a long row of 
cumolua stretching from North-west to South-east, with its summits torn into a 
friiiKe. From these maasea of scud of various sizes broke off, and they con- 
stantly diminished in bnlk as they approached the zenith. Not one of these 
readiad the altitude of 50°, and a strongly -marked descending motion was 
obaerrable in them. In the South-west there was a similar mass of cumnlue, as 
far u eoald be seen. It was parallel to that previously noticed, and it extended 
from the altitude of 70° to 20°, so that the zenith was quite clear of cumulus, 
and over the hills of Kostrena wq could see in parts blue sky and in parts tlio 
npper clouds. Above the cumulus two layers of small strato-cumnlus were 
TiBible, which distinguished themselves from each otlior by differences in their 
motion. Through the interspaces of the strato- cumulus some long streaks of 
cimu mnDing North and South appeared ; these moved to the Southward. 

"Orerthemiddleof the Bay orBuccari small patches of cloud were forming 

■ — .. . .1 . . .1 . Ill . , . ■ ..J movement at first, but 

d quickly to the North- 
letres per second, and they 
diswpeared in the main mass of the cumulus. Just over Kostrena similar 
cloud patches could be seen, growing smaller and smaller and at Inst vanishing. 
Tbo mun mass of the cumulus showed no progressive motion. 

" Earljr in the morning the wind was North, force 3. Aflcrwarda it came from 
all directions, at times North-west, South-west, South-east, and North-east. To- 
varda noon the axis of the cnmulua ahilled towards Soutli, and it broke up into 
separate fragments. In the afternoon it became compact again. Below Kostrena, 
in the GolfofFinme, the wind blew in frightful squalls from West and North-west. 
In the harboor of PortorS there were violent squalls from nil direclions. The 
local steamer which plies between Fiuinc and Bucc^iri had sunie huavy sacks 
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thenuelrea throughout the day, and had no horizontal m 
when they grew bigger and began to ascend, they moved q 
east and East, at a rate I estimated at 15 or IG metres 
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actually blown off her deck. It is impossible to imagine the existence of inch a 
permanent mass of comolas onless on the assomption of a rotatory motion about a 
horizontal axis. (The author illustrates this by a diagram which shows a marked 
ascending movement over Buccari as evidenced by the constant fresh formation 
of cumulus, and the influx of air from all sides). 

" Above a horixontal motion from South-west, and at noon from Weat, appears 
and over the Gulf of Fiume there was a descending and returning motion, as 
proved by the loose fragments of cumulus and by the wind. It is probable there 
was a similar mass of cumulus over the mountains to the North-east. The 
phenomenon lasted till 5 p.m. 

** The same phenomena were observed on the afternoon of the 17th, but not so 
distinctly. Such circulations are not rare here, and are probably due to the 
formation of the ground, which is in terraces. When there is a Bora, which 
there was on the days in question, there is usually a long bank of cumulus 
in the North-east, from which particles break loose but never reach the senith, 
over Buccari. In the South-west they reappear and vanish on the horicon. 
This shows a descending •followed by an ascending motion.*' 

Dr. Hann appends a note pointing out tho analogy between the pheno- 
mena doscribed in the paper, and the Table-oloth at the Cape, and the Hehn 
Wind. 



APPENDIX. 
Extracts from the Observers' Xotes on several Helm Wind$, 

NOVEMBBU 19X11, 1885. 

AuDLE Head, Ousby, Mr. J. C. Russell. 3.30 p.m. Helm Cloud about dOO 
feet below the summit of Cross Fell. The Bar apparently over and parallel to 
the Eden, the north end being somewhere about CrogUn and the south end about 
Stainmore in Westmoreland. Both ends of the Bar are joined to the Hdm doud. 
The wind is East. Clouds and vapour near the Bar move about as though in a 
whirlwind. Thaw set in, with some very fine snow falline. Vor strong wind 
up here on the fell, but hardly any wind down in the valley. Tne Hehn only 
lasted about 22 hours ; it began about 5 p.m. on Wednesday. 

OusBY Rectory, Miss Golding. 3 p.m. The Helm Cloud covering the top 
of Cross Fell, and extending the whole length of the Fell as far as can be seen. 
No Bar to be seen, but a mass of heavy clouds all round the horison without a 
break, joining the Helm Cloud on each side at the north and south ends, and 
apparently reaching on the west about halfway between Penrith and Ullswater. 
The direction of the wind is East. A few higher clouds are slightly whirling in 
and out, but not moving in any particular direction. The belt of clouds seemed^ 
to have a centre a little to the north of the top of the Fell, and the wind seemed, 
to push the clouds north and south from tnat centre, and to chase them all. 
round till they met in the west, where they made a bank a little higher than thfl» 
Ullswater Fells. Cross Fell was a little hazy. 

Melmerby Rectory, Rev. A. C. Pittar. 10.45 a.m. The top of Cross Fdl> 
is hidden. The Bar consists of fragmentary light clouds to the west. Th9 
north end of the Bar is rather close, apparently not much further than Qam- 
blesby ; the south end is a good distance off, probably at Appleby. The north 
end of the Bar is very distinctly joined to the Helm Cloud, and the south end 
seems to be. The direction of tne wind is South-east. The weather cold, dry 
and windy, with blue sky. 

3 p.m. The Bar seemed a long distance off to the west, and joined all round 
with the Helm Cloud. There was not much wind, and towards evening the 
Helm Cloud began to sink behind the Fells. There was a quiet night and but 
little of the Helm visible next morning, and no Bar. 

The Helm Cloud appeared yesterday afternoon. The wind blew at times 
keenly in the night ; blowing this morning in strong gusts. The Bar at the 



IfABBIOTT— -BEYOBT ON THB HBLM WIND INQUIBT. 118 

north end is well defined, but does not seem to extend f ar, and ends in frag- 
mentaiy clouds which continue across the western sky in the direction of the 
•onth end. 

LiTTLB Salkeld, Mr. W. Abthub. Midday. Helm Cloud covering Cross 
FelL No Bar. Wind East. 

Langwathbt, Mr. J. Powley. 9.30 a.m. Helm Cloud on the top of Cross 
Fell ; mountain slope clear. No Bar. Wind East. Clouds rising in front of 
Helm. 

Temple Sowebby, Mr. J. Bybes. 9 a.m. Helm Cloud along the top of 
Cross Fell and quite down the mountain : rery dense. No Bar. Wind East. 
Slight clouds coming out of the Helm. 

Helm wind came on during the night ; strong constant East wind all day ; 
no Bar, but at times broken clouds coming from the east. The cloud over the 
mountain one dense mass at 3 p.m., more into cumulus over Dun Fell. Towards 
evening very cloudy. 

MiLBUBN. Mr. J. W. Harbison. 6 p.m. Helm Cloud just covering the 
summit. Tne Bar is about on a line with the Eden ; the north end might be 
about as far as Lazonby and the south end about Brough. The Bar is joined at 
both ends with the Helm Cloud. The wind is North-north-east. 

When I left home for the mine after dinner all was clear overhead and very 
fine, with dark cloud on the other (west) side of the country. Before I got to 
the mine thin fleecy clouds began to gather on the top of the Fell, and sharp 
pnfis of wind, almost like whirlwinds, began to blow, and soon the Helm 
formed. 

MiLBUBN, Mr. D. Smith. 10.30 a.m. Helm Cloud extending from 600 ft. 
below the summit of Cross Fell to 200 ft. above. The Bar lying apparently 
from south-east to west of north. The north end of the Bar over Morland, and 
the south reaching south of Dufton. The south end of the Bar is joined to the 
Helm apparently at Dufton. Wind East. Small cloudlets breaking off from 
the Helm and moving eastward. Much agitation on the south-east of the Bar, 
clouds breaking off and moving north-west. Intensely cold and dry. 

2 p.m. Wind changing fitfully and blowing from the South-east. Fleecy 
clouds covering the west and north. Weather becoming milder ; and a little 
rain. 

Kibkby X^ORE, Mr. R. W. Cbosby. 9 a.m. Dense Helm on Cross Fell. 
Wind East-north-east. 

Helm set on Fell at 4 p.m. yesterday (18th). Bar broken, and general North- 
east wind. 

Applebt, Faib Hill, Mr. W. Wallace. About 7.30 a.m. I observed the 
Helm wind blowing from the Fell towards Appleby with great velocity. The 
sky over the vale of the Eden to the west was, in a great measure, clear, and 
there was no cloud Bar formed in connection with the wind. I observed that 
when the Helm clouds reached Appleby they were checked in their course to the 
west, by nothing visible, and portions of the swiftly moving clouds were thrown 
back to the east for a short distance. There were three strata of scattered 
small clouds to the east. The cirrus seemed quite still ; at least I could detect 
no motion. I however detected a very slight motion to the east in the middle 
stratum. In about an hour and a half the whale of the sky in the upper part of 
the Eden was clouded over ; the sky, however, in the lower part continued tolerably 
clear until about noon. 

At 1.30 p.m. the appearance of the Helm Cloud was truly magnificent. 
The whole of the vale oi the Eden was clouded over, but the sun shone brightly 
on the Helm Cloud, which was far above the top of Cross Fell. There was 
great disturbance where the Helm Cloud and Bar joined at the north end of 
Cross Fell, and the resplendent clouds rapidly changed their forms into fan- 
tastic 8hi4)e8. The Bar drifted in the direction of the wind, and small dark 
clouds rose out of the Helm, and moved in almost every direction except to the 
East and in the direction of the wind. As soon as these small dark clouds ap- 
proached the Bar they turned from it and fell back towards the Helm Cloud ; 
imt in every case that came under mv observation they faded away and became 
invisible before reaching the Hebn Cloud. 
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February 18th and 19th, 1886. 

Melmerbt, Rev. A. C. Pittar. 18th, 5 p.m. Bar to the westward, the 
north end being about Unthank, and the south end a little beyond Oosby. The 
north and south ends of the Bar are joined to the Helm Cloud. Wind East, 
moderately strong. 

Little Salkeld, Mr. W. Arthur. Helm on three days. Cloud high above 
Cross Fell. Bar close ; about 2 miles from the bottom of the Fell. We had no 
wind here, and never have when the Bar is close to us at Little Salkeld. Wind 
North-east. 

Kikkland, Rev. A. Edwards. 19th, 9 a.m. Fells hidden. Wind East, light 
Frost and snow. Temperature 30°-6. 

KiRKBY Thore, Mr. R. W. Crosby. 18th, 9 a.m. Helm with broken Bar. 
Wind East-north-east, overcast. Temperature 36°'2. 

19tli, 9 a.m. Helm with Bar close to the Fell. Wind South-east, overcast, 
with snow showers. Temperature 31°-8. 

May 13th, 1886. 

Cash well Mine, Mr. A. Shield. 9 a.m. Wind North-east. Temperature 
37°. 

Langwathby, Mr. J. Powley. 10. a.m. Helm Cloud on the top of Cross 
Fell, and not far down. Bar to the eastward of this place, and prettjr close to 
the Fell ; the north end is about Gamblesby, and the south about Appleby. Bar 
at the north end joined to Helm Cloud. Wind North-east. Bar joined by black 
cloud to west, and stretching from Lazonby to about Appleby. Bitterly cold ; 
snow on the hills. 

1 p.m. Mountain nearly clear. Helm breaking off. Bar disappearing. Wind 
East, but not so strong ; no roaring sound. 

On the day before (12th) Cross Fell was quite invisible, but the mighty roar 
of tlic wind was very distinctly heard. 

Kirkland, Rev. A. Edwards. 9 a.m. Helm Wind. Overcast ; rain, hail, 
and snow. Severe storm. Temperature 40°. 

KiBKBY Thore, Mr. R. W. Crosby. 7 p.m. Helm Cloud covering the high 
points of Cross Fell, and reaching nearly down to the first ledge from the top. 
The Bar is to the eastward of this place ; the north end stretches as far as can 
be seen, and the south end is over the Stainmore depression. The south end of 
the Bar is joined to a continuation of the Helm Cloud on the Cross Fell range. 
Wind West-north-west, force 5. Bar Cloud is moving from the North-east, 
force 6. Hi^h clouds between the Helm and the Bar apparently stationary, with 
perhaps a slight drift from North-north-west. Ragged clouds on the eastern 
edge of the Bar ascending and condensing. Temperature 41^ 

There has been more or less Helm since Sunday (9th), but the wind was 
strongest yesterday (12th), and through last ni^ht ; about noon to-day it mode- 
rated and turned warmer ; but is rising again this evening and turning cold. 

Lanqrioo, Near Musgrave, Mr. J. Rennison. 6.20 p.m. Helm on north 
fells ; much broken south of Roman Fell ; but wind roaring about Hilbeck. The 
Bar seemed to be 1 or 2 miles from the fells, until it got opposite to Roman Fell, 
when it turned west over Crosby Garrett. It then swept round by Kirkb^ 
Stephen and South Stainmore ; a stream of clouds connectmg it with the Helm. 
Cloud at Windermere end. Though not under the Bar the wind was quite calm, 
except gusts from both East and West. The Helm Cloud along Warcop and 
Hilbeck Fells drifted north to Roman Fell, when a stream of clouds blew across 
towards the Bar but wasted away before they got to it. 

I heard from some shepherds that the wind was very strong on the Fell. One 
young man said it took him completely off his feet, and that he came down on his 
back. Others said that they could scarcely stand at all. 

May 28TII, 1887. 

Kirkby Thore.— Mr. W. R. Crosby says : — There was a splendid specimen 
of the Helm Wind this morning. On looking out a little before 6 a.m., I found 
that the whole of the range of hills visible from our house was closely covered 
with a thick fleecy sheet of cloud, which fitted the ground so exactly that one 
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oald see the shape of the prominent parts reproduced on the upper surface of 
he cloudy although it must have been some hundreds of feet thick at the 
ommit. 

This cloud was driving rapidly down the slope, the surface having a sort of 
billowy appearance but retaining its consistency until it reached the Fell foot, 
rhere it seemed to break up like spray at the foot of a waterfall , and then dis- 
ippear ; there was a great quantity of this sprav-like vapour in some places, — 
lotably on both sides of Knock Pike, for some distance along the Fell foot. 

Morton Pike was enclosed in the cloud, — Dufton and Knock Pikes stood out 
>at there was a thick cap on the top of Dufton Pike, retaining the shape of the 
Pike on its upper surface. I was reminded of the description given by Mr. 
Wallace and pnnted by the Royal Meteorological Society in their report.^ On 
Jose observation one could see that immense masses of vapour were being 
Iriven rapidly down Dufton Gill, and, striking against the almost perpendicular 
eastern face of the Pike, were projected high into the air, until bent over by the 
tpper current, when they fell downwards over the top of the Pike, and melted 
iwa,y about a quarter of the way down the Pike side. Looking towards the 
Sast or East-south-east, the rolling billowy masses of vapour showed very dis- 
inctly, and had a most magnificent appearance, lit up with the bright morning 
(on. 

The Bar was formed of a dense roll of cloud, at a low elevation, and stood a 
ittle west of the River Eden. It joined the Helm Cloud at both ends, and thus 
m almost clear space of blue sky was surrounded by dense masses of vapour. 
The form of this space was a tolerably regular ellipse, extending, roughly 
tpeaking, from Brough to Langwathby, the ends being rounded by the connec- 
;ion between the Helm Cloud and the Bar. Looking South-west directly at the 
Sar (distant then short of half a mile) both ends appeared to be drifting towards 
he centre, or rather, towards a point straight opposite to where I stood. I 
t>elieve, however, that this was merely an optical deception, caused by the laws 
>f perspective, by which the vapour drifting South-westwards in parallel lines 
ippeared to converge towards the point of sight. On going to a place directly 
inder the Bar I found the vapour overhead driving straight towards South-west. 
itreaming out of the clear air from North-east, and condensing as it approachea 
the thick part of the Bar, just in the same way as is usual when the Bar stands 
dearer the Fell, and the endwise motion could not be discerned from that stand- 
point. 

There were no scraps of cloud driving across between the Helm Cloud and 
Bar, all the lower air being quite clear and bright between, from the place 
irhere the spray-like vapour disappeared to that where the condensation began. 
There was, nowever, a light fleecy cloud about the centre of the ellipse at a 
considerably higher elevation than the Helm Cloud, which had a gentle motion 
Erom East-noru-east, with whirling eddies ; this cloud, though in constant 
motion, retained its position in the same way as the Bar does, the waste on the 
Soath-west being constantly replenished from North-east. 

The wind at our house was blowing strongly from a little East of North-east, 
i moderate eale somewhat gustv and irregular in force. The movement of the 
vapoars on tne Fell side showed that there a furious blast was raging. 

iVishing to observe the condition of things under the Bar, I walked toward 
the South-west, to a point about 200 yards beyond the River Eden. Every step 
westward found the wind decreasing in force, until about half-way, there began 
to be slight puffs in a contrary direction : the smoke of a chimney by the main 
road side was blown from North-west, but the currents at that point were unsteady. 
I got mider the North-east edge of the Bar a little before reaching the Eden, and 
found that it was gradually advancing towards the Fell. Standing on the wooden 
bridge across the Eden, I found a steady breeze from North-west blowing up the 
river. I went about 200 yards further, and met a steady gentle breeze from the 
West, — the usual feature of a Helm with a regular Bar, but which I was anxious 
to test when the Bar stood far away from the Fell, as in this instance. T stayed 
here a few minutes to make observations ; the whole sky westwai'd was 
obscured with clouds, of which the Bar formed the eastern edge ; overhead the 
cloud, which was low, was so dense and compact that its motion could not be 

1 QuarUrlp Journal, Vol. XI. p. 333. 
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discerned, although the rapid drift at the edge showed that a stronff coirent was 

Eassing overhead. The loud roaring of the wind on the Fell could oe diftineUy 
card, resembling the sound of a heayy train on the railway,— indeed, but for its 
continuity, a stranger to the Helm would have judged the sound to oe that of a 
train. On returning homewards I found that, as the sun got higher, the Bar was 
advancing towards the Fell, and growing less dense. I had the wind from the 
West at my back all the way home, but on reaching the house met again the 
North-east current, much decreased in force since I went awa^, the North-east 
edge of the Bar being now nearly over the house, — this would be about 7 a.m. 

On making the usual observations at 9 a.m., I found the Bar dosed up to 
about half-way between Kirkby Hove and the Fell ; the clouds overhead were 
much thinner, and their speed decreased to that of a moderate breeze, the direetion 
being still from East-north-east The ground wind was now a light breese from 
the South. As the day advanced the dense vapours of the Bar were dispersecL 
and broken into fragments of cirrus cloud, at a higher level ; the wind lessened 
in force, and the Helm Cloud drew back towards the Fell top, leaving the 
principal part of the slopes clear of vapour. 

April 218t, 1888. 

KiBKBT TnoBB. Mr. R. W. CfioeBY. 9 a.m. Strone Helm. Fell tops thick. 
Overcast. Surface wind West-south-west, force 2. Upper wind North-east, 
force 5. Temperature 40°. 

Mr. W. Dent, of Street House, told me that as he left home about 9 ajn. for 
Appleby market, the wind at that point was furious from North-east, and seemed 
to /all doum upon him. When he got to Bolton^ about a mile nearer the FelL he 
found the wind was gently blowing in the opposite direction, as it was at Kirkliy 
There. This settles a point I have long suspected but never proved before, to. 
that the current comes down again after its bounce up at the Bar. Street ELonse 
is about a mile and a half south-south-west from ElrKby There. 



DISCUSSION. 

The President (Dr. Marcct^ said that with reference to the phenomena of 
the Helm Wind the main question to be considered was their cause. Probidily 
the air on the western slope of Cross Fell was warmer than that on the eastern 
slope, and the cold and heavier air of an Easterly wind dropped down the western 
slope, the excess of its moisture being absorbed in the warmer air on that side* 
The air on the western side of the hill was warmer, apparently beeanse of its 
being heated by terrestrial radiation to a greater degree than the air on the 
eastern slope. 

Mr. Batard inauired whether the Bar ever rose above the level of the bottom 
of the Helm Cloua, and also if the Helm Cloud and Bar only occurred in the 
afternoon. 

Mr. Tripp suggested that the cloud formation on Table Mountain might be 
partly due to the meeting of two opposing air currents at the summit. He was 
induced to think so because of some observations quoted bv Mr. J. G. Gamble in 
a paper on the rainfall of the Capo of Good Hope. At the Katberg, on the 
spurs of the watershed of which Table Mountain forms the southern extremity, 
these showed that on the coast side of the watershed constant summer rains pre- 
vailed coming from the south-east, while on the northern or inland side 
thunderstorms were simultaneously experienced, these apparently coming from 
the north-west. The peculiarity with regard to Table Mountain was the great 
drop in elevation, no such sudden change of level occurring in the northern por- 
tion of the watershed. 

Mr. Lawson said he had frequently seen the Table-cloth on Table Mountain. 
Sir John HerschePs diagram gave an imperfect idea of the configuration of the 
mountain, which, with an ascending ridce of several miles in lengui on Uie south, 
terminated in an abrupt precipice on the north, 3,600 feet above the sea and 2^ 
miles from the margin of Table Bay. The precipitous face extends downwards 
about 1,000 feet, and from its base the ground falls to the margin of Table Bay, 
at first somewhat abruptly, but afterwards more gradually over the site of Cape 
Town. The Table-cloth always occurs with a South-easterly wind, and com- 
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meneai to form on the weather side of the mountain ; it flows over the crest, and 
desoends rigidly, the cload dissolving completel^r as it falls. Up to 1 p.m. the 
Iraat of the smi usually causes an mflow of air from the portion of Table 
htij under the lee of the mountain ; this extends over the town, and must be 
eoOMnsated bv a return current of equal amount over it, but while these lasted 
the ionni and w bay for a mile and a half northwards were unaffected by the 
8outh-«wter : about 1 p.m., however, it set in suddenly, and blew a hard gale 
over the whole space previously exempted. When the Table-cloth appears the 
Sooth-east wind prevails extensively over the surrounding sea, the weather is 
QsnallT dear and bright, and there is no indication of an opposing current ex- 
oept tne local one just mentioned. Though he had witnessed the phenomenon 
many times, Mr. Lawson never remarked tne bar of cloud mentioned bv Sir John 
Hertchel, but this may have arisen from his observations being made in Cape 
Town itself, while Sir John*8 were made at a point several miles to the eastward, 
beyond the influence of Table Mountain, which, afforded him a side view which 
woidd have rendered a thin film of condensed vapour visible, wliich, seen from 
beneath, might have escaped observation. A similar phenomenon to the Table- 
cloth is seen at GKlvaltar when a damp Easterly wind is blowing. 

Mr. Strachan inquired whether the cloud formed at any particular time of 
the day, and what evidence there was of the existence of an upward current 
under the Bar and a downward current further westward. Conli not arrange- 
ments be made for temperature observations to be made on both the eastern and 
western slopes of Cross Fell ? 

Mr. Stmonb said that although he had often been over this district he had 
never had the good fortune to witness an occurrence of the Helm wind. 
From the accounts of the tremendous force exerted by this wind he expected 
to find great evidence of its destructive effects, but he was surprised to nnd no 
signs of such destruction to trees, hayricks, &c. as he had been led to expect. 
One drcumstance which doubtless played a part in the production of the Helm 
wind, was that to the east of Cross Fell a series of valleys ran from 2,000 ft. 
down to seiklevel, and these formed channels by means of which the air was 
conducted to the summit, carried over it, and then it fell down the west side. 
There was evidence of an upward current under the Bar, but observations with 
small captive balloons or kites were needed to satisfactorily determine it. 

Mr. C Hardino said it was curious that there should be so large a difference 
between the number of occurrences of Helm formations in 1887 compared with 
former rears. It was perhaps due to unfavourable conditions, and he was rather 
inelinea to Uiink this was the case. It would be interesting to trace the connec- 
tion of this phenomenon with cyclonic and anticvclonic conditions. He believed 
that the Helm wind was more common in cyclonic than anticyclonic weather. 
He should like to know whether a fall of temperature took place on the summit 
before the formation of the cloud. He coula not understand why there should 
be a downward current, nor why it should be of such strength. The Bar was 
■poken of as forming over a certain district, but he hardly thought it was 
stationary, and he should like to know whether it was really so. Uc believed 
the whole phenomenon was due to a process of suction, in the same way that a 
enrrent of air passing over a basin causes suction. 

Mr. Harribs remarked that with the exception of the formation of the Bar 
above the leeward base of the hill there was practically no difference between 
the Helm wind of Cumberland and the Fohn wind of the Swiss and New Zealand 
Alps, the Rockies, and other very high mountain ranges. He had never heard of 
the Bar being observed in connection with the descent of the air from these great 
elevations^ and he was therefore disposed to explain the phenomenon bv purely 
local considerations — the comparatively short distance of the descent from the 
summit having only a limited influence in modifying the capacity of the atmo- 
sphere for moisture, and the contour of the ground at the base acting as a check 
to the advance of the mountain wind and at the same time favouring a current 
in an opposite direction, we have the intervening calm and the ascent of the 
wann air. The condensation of the slight amount of moisture still retained by 
the Helm wind forms the small cloud, or Bar, shown on the diagrams. 

Mr. SOUTHALL remarked that the district over which the wind blew before 
reaching Cross Fell was of sufficient extent to reduce the temperature. 

Mr. Masbiott said that the extracts from the observers* notes given in the 
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ppendix gave full information on several points raised in the diacUBsion. The 
I not confined to any particular time of the day, but aeemed to 
bloir at all hours. The Bar was not alwayi formed over the aame ipot, and was 
not Btationary ; it varied in poBition from near the Fell-foot to tu far west at 
over the river Eden. With regard to the amsU cloud or Bar referred to hy Sir 
J. Herschel as forming sometimes over the jetty at Cape Town when the " Table- 
cloth "was on Table Mountfun, he (Mr. Marriott) had communicated with Hr. 
E. J. Stone, F.R.S. (H.M. Astronomer at the Cape of Good Hope Obaervatofy 
1870-79) on the subject, who had replied as follows : — " Daring my residence at 
the Cape 1870-1879, I frequently saw the reflexed formed cloud described by 
Sir J. Herschel in the extract which you have forwarded. I considered then, 
and I still consider. Sir John Henclief's description of, and explanation of tha 
causes of, the cloud satisfactOTT ; and I have nothing of importance to add to 
his account of the phenomenon. 



RAINFALL AT CORELLA, NEW SOUTH WALES, 
1879-1888. 

By TBI Ten. ARCHDEACON WYNNE. MJi., F.B.Mxi.8oo. 



[Reeeived Janiuuy 2ud.— Bead February KHfa. 1S89.] 
The Boyol Meteorological Society not having up to this time pabUflhed ao^^ 
account of the rainfall of rocent years in the colony of New South Wale oM?^ 
I bog to offer the following monthly retmna farniebed to me by a relallw "^ 
who occnpies a large sheep farm, where 70,000 sheep depend on the raiu&lEU 
and conseqaont rivor Hnpply, for means of Babsistenoo. 

In the years 1888 and 1884 extreme dietresG was experienood for want i, — 
water, and many of the most prosperona settlers were mined. The past yea^^ 
(1888) was oven worse. The total rainfall was only 7*68 inchoe, and 11' ^i _ 
prospects of the oonntry for the sammer wore alarming. 
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For purposea of rainfall comparison I add tho following tabic of rninfall 
means and eztremee at nine eelocted StatioDB in Now South Wales. The 
means «re for 10 to 12 jears. 



Highest. 

i 



Qotmao (Hill Station) . . . . 

IiiTerell (Do.) 

Port Bonika {PUin^ 

KlnahegB (Centrftl FUin) . . 

LkUItae (Plaina) 

UUton (OoBBt BE) 

HulmO* (Hum; B.) 

TuMannia (Swampy Plains) 
CoreUa (PImb) 



DISCUSSION. 



parts of the world, and he had noticed that both in Anatralia and New ^^enlnnd, 
and at the Cape of Good Hope, the rainfall appeared to have been gradually 
decreasing for some years past, perhaps since 1872. while at Bucno^ AyrcB, in the 
Argentine Republic, it had been increasing. 

Hr. Symonb remarked that the cliaogo referred to by Mr. Tripp was probably 
only of a temporary character. 



laO PR0CBSDIN08 AT MUTIMOS. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

Januabt 16th, 1889. 

Ordinary Meeting. 

William Mabcet, M.D., F.R.S., President, in the Chair. 

Maxwell Hall, M.A., F.R.A.S., Montego Bay, Jamaica ; 
Georqe Thomas Liyeset, M.In8t.C.E^ Camden Park, Timbridge Welk ; 
Charles William Priestlay, B.Sc., F.G.S., Ayonbrook, Tewkesbory ; 
Joseph Radcliffe, Todmorden Water Works, Todmorden ; and 
Rev. John Reminqtom Straiten, 9 Park Square, Leeds, 
were balloted for and duly elected Fellows of the Society. 



January 16th, 1889. 

Annual General Meeting. 

William Mabcet, M.D., F.R.S., President, in the Chair. 

Bir. H. Harries and Mr. W. B. Tripp were i4)pointed Scrutineers of the 
Ballot for Officers and Council. 

Dr. Tripe read the Report of the Council and the Balance Sheet for the past 
year. (p. 72.) 

It was proposed by the President, seconded by Dr. Tripe, and resolyed :— 
*< That the Keport of the Council be received ana adopted, and printed in the 
QuarUrlf/ Journal of the Society.** 

It was proposed by Mr. Elus, seconded by Mr. Brewin, and resolved :«- 
" That the best thanks of the Royal Meteorological Society be communicated to 
the President and Council of the Institution of Civil Engineers for having 

? ranted the Society free permission to hold its Meetings in the rooms of the 
nstitution.** 

It was proposed by Mr. Lauohton, seconded by Capt Cabornb, and resolved : — 
*^ That the thanks of the Society be given to tne Officers and other Members of 
the Council for their services during the past year.'* 

It was proposed by Mr. Bayard, seconded by Col. Brooke, and resolved : — 
'^ That the thanks or the Society be given to the Standing Committees, and to 
the Auditors, and that the Committees be requested to continue their duties till 
the next Council Meeting.** 

The President then delivered an Address on ** Fogs." (p. 59.) 

It was proposed by Mr. Scott, seconded by Mr. Symonb, and resolved : — 
** That the thanks of the Society be given to the President for the ability and 
courtesy displayed by him in the Cludr during the past year, and for his Address, 
and that he be requested to allow it to be printed in the Quor Isrly Joumai of 
the Society." 

The Scrutineers declared the following gentlemen to be the Officers and Ck>niicil 
for the ensuing year, vis. ; — 



F100BBDIMO8 AT XBBTXNOS. 121 

President. 
William Marcbt, M.D., F.R.S., F.C.S. 

Vioe-Preeidente. 

Francis Campbell Bayard, LL.M. 
Henry Francis Blanford, F.K.S., F.G.S. 
William Ellis, F.R.A.S. 
Richard Inwards, F.R.A.S. 

Treaenrer. 
Henry PsRiaAL, F.R.A.S., F.R.M.S. 

Troetees. 

Hon. Francis Albert Rollo Russell, M.A. 
Stephen William Silver, F.R.G.S. 

Seoretaries. 

Georqe James Symons, F.R.S. 

John Wiluam Tripe, M.D., M.R.C.P. 

Fbreipi Seeretaiy. 
Robert Henry Scott, M.A., F.R.S., F.G.S. 

OooneiL 

Edmund Douglas Archibald, M.A. 

William Morris Beaufort, F.R.A.S., F.B.G.S. 

Arthur Brbwin. 

GEoRas Chatterton, M.A., M.In8t.C.£. 

William Henry Dines, B.A. 

F^iederic Bernard Edmondb. 

Charles Harding. 

Baldwin Latham, M.In8t.C.E., F.G.S. 

Capt. John Pearse Maclear, R.N. 

Edward Mawley, F.R.H.S. 

Henry Southall. 

Charles Theodore Williams, M.D., M.A., F.R.C.P. 



February 20Tn, 1889. 

Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

3BMRY Droop Richmond, F.C.S., Thornton Lodge, Stonebridge Park, 
illesden ; and 

Prancis Gray Smart, M.A., M.B., F.L.S., Bredbory, Tonbridgo Wells, 
re balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

'Report on the Helm Wind Inquiry.*' By William Marriott, 
ELMetSoc. (p. 103.) 

' Am Atmospheric Sketch." By F. A.'Velschow, F.R.Met.Soc. 

>* Rainfall at Corella, New South Wales, 1879-88." By the Ven. 
tCHDEACON Wynne, F.R.Met.Soc. (p. 118.) 
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CORRESPONDENCE AND NOTES. 

A Design for obtaining an Automatic Record of the Light transmitted 
FROM each Quarter of the Atmosphere. 

To William Marriott, Esq., F.R.Met.Soc. 

Dear Sir, 

In your paper on " The Application of Photography to Meteorology," * you 
give me credit for having first suggested it in 1838, when I sent a paper on the 
subject with results to the Royal Cornwall Polytechnic Society. At that date 
there were difficulties in the way, tending to hinder progress in the general 
application of the system, which have lo^ig been removed by more recent 
discoveries in Photography and far more perfect means of obtaining papers 
which yield uniform results. When each observer had to prepare his own paper, 
and the chloride of silver was the only agent in use, it was scarcely possible 
that different observers should produce comparable results. But now that good 
and suitable paper is manufactured for tne use of engineers, which can be 
depended on for the purpose, there is no reason why the records of different 
stations should not be fully utilised. 

By your interesting paper I learn that *^ No instrument has yet been devised 
to record automaticiuly the amount of cloud ;" and it is this fact which induces 
me to call your attention to an instrument which I have recently designed, that 
I believe would give a useful approximate result. What I have endeavoured to 
accomplish is, to obtain a numerical record of the light transmitted from the zenith, 
and from each (quarter of the atmosphere, at an angle of 60^ from the horizon, for 
every hour during an entire week, without chanee of paper or personal obser- 
ration, the result Being given in percentages of full sunshme. 

The examples of such records, sent herewith for your inspection, will serve to 
illustrate my meaning. They are obtained with a rudely-constructed experi- 
mental instrument, made for the purpose of testing the principle of action. 

Externally the mstrument will have much the appearance of an old-fashioned 
eight-day clock, with a dial-plate divided for 24 hours, and one hand revolving 
in that time ; the hour spaces may be divided to ten minutes, the only object of 
the dial being to show at a glance that the time is being correctly kept. 

The regulator of the clock movement is a well-compensated seconds pendulum, 
and its work is to revolve two metal cylinders or drums carrying bands of sensi- 
tised paper at any desired rate, say one inch per hour, in which case the circum- 
ference of the drums must be 24 inches. 

One of these dnims I prefer to place in the plane of the meridian, and the 
other at right angles to it ; with the exception of the small apertures in the 
scales hereafter described, the whole of this apparatus is in tne clock-case, 
which is a perfectly dark chamber. 

The meridian drum carries a strip of paper 4^ or 5 inches wide, on which 
three records are registered. 

The centre record gives the zenith light, embracing 30® on each side of it, 
the one above it on this paper the north light from 60® to %the horizon, and 
the lower one will in like manner give the south light. In azimuth the acting 
light on these scales will be that from 90® of the atmosphere ; all other light 
being shaded off the scales. The east and west drum cames a strip of pi^oer 3 
inches wide which receives two records, being respectively the east and west 
light from similar angles. 

To avoid a lengthened description of the scales, I enclose, with the records, that 
used in the experimental instrument. It is far from being perfect, but will 
serve to illustrate what is intended. To form these scales properly I should begin 
by ascertaining the time required for full sunshine to produce a well-defined 
line on the paper to be used, and also the time of exposure required to give a 
similar line during a fog or from a very dark cloud, and I should make the length 
of their terminal apertures equal to the length of paper which would pass them 
in the same time and the intermediate one as nearly as possible in geometrical 
progression. 

1 The Journal of the Camera Cluh, Vol. HI. No. 28, p. 92. 
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Should you think such an instniment of any valae as a li^ht measurer or worthy 
of employment at meteorological stations, I shall feel obhged by any criticisms 
you may De pleased to make. 

Tours truly, 

Thos. B. Jordan. 
« Winnipeg,'* Cherry Orchard, Staines. 
March 20th, 1889. 



Rain from a Cloudless Set (" Serein **) at Stevenage, July 22nd, 1888. 
By Samuel Jones. (Extract from a letter to Mr. J. Bailey Denton.) 

** I beg to submit to your notice certain phenomena obseryed by me at Steven- 
ace, on Sunday, July SSznd, 1888, about an hour and a half before the approach 
m a violent thunderstorm. I was standing in the court-yard of my owelling 
and talking with a friend who was a farmer ; the weather being then a rather 
ticklish question with him. I observed what appeared to be the commencement 
of a shower, and I asked him if it did not rain, to which he said ' No.' We 
continued the conversation for about the space of five minutes, when he suddenly 
bnke it off by eiaculating ' It does rain.* I said ' How can Uiat be when there 
are no clouds? I knew the appearance was of an unusual character, and my 
question and answer were directed with the view of leaving him an unconscious 
witness of the cause of it, so that he might give his testimony unbiassed by any- 
thing I might have said. 

" The I4)pearance was first seen about 7 p.m., and it looked like a shower of 
luminous particles of a somewhat skim-milky appearance. As soon as I realised 
the fact of its electrical nature I endeavoured to ascertain if the movement of 
the particles was upwards or downwards, but without effect. But what I did 
more successfully observe was that the particles were of .the size of tare-seed, 
and that they moved in remarkably straight lines, so much so that thev resembled 
the warp in a weaver's frame. My view extended over about two-nfths of the 
circle of the heavens, and the appearance within that area was precisely the 
same. My observation lasted a quarter of an hour. The sky was cloudless but 
hasy lookmg to the North-west. The subsequent storm came in that direction, 
bdng very severe at Sandy.'* 



Note on the frequency of London Fog. By Alexander B. MacDowall. 

The phenomenon of fog has been studied a good deal of late ; but apparently 
little attention has been given as yet to the matter here proposed, viz. the com- 
parative amount of fog (in London) in recent saccessive years, and in the winter 
months, regarded separately. 

In the daily remarks on weather at Greenwich, as given in the Regiitrar- 
OmieraV9 Weekly Return^ may be found a means of measurement (no doubt rough) 
of this frequency. I have lately gone through these records for the periods Novem- 
ber to March (inclusive) in the 31 years 1858 -1888 : the method being to count 




fo^ " being 

Addmg together the number of days on which fog was thus observed in each 
winter season, we get a series of fibres roughlv measuring the fogginess. The 
yearly average for the whole series is about 26 aays ; or about 5 days in each of 
the 5 months considered. 

The monthly totals are ^ven in the accompanying Table. 

The most foggy winter in this series seems to have been 1879 (iie. 1879-80) ; 
and the least foggy 1876. Relative maxima also occurred in 1867, 1872, 1886, 
snd relative minima in 1863, 1868, 1884 and 1887. 

I am unable to throw any light on the cause of those fluctuations. 

We might be inclined to tMnk that the most foggy winters would coincide 

mW SSBIE8. — ^VOL. XV. X 
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with the most serere winters, but this appaivntly does not alwajs 1 
1872 was s renr foggjr winter, but not Tory seyere. 

With regard to distribution of fogs in the months, a recent writer 
Mr. Raffles, from daily fog observations on Primrose Hill in 1887-88, fou 
the most foggy month. This is no donbt sometimes the case ; bat 
STcrage of those 31 years we get a different result. Adding the fog d 
month, we get XoTember 221, December 219, Janoaiy 163, Febinaiy : 
108 ; or, on an arerage, Norember 7'1, December 7-0, Janoaiy 5*3, Fe 
March 3-5. 

While Norember and December are thus shown to be pre-eminenflj 
months, and to nearly the same extent, we may remark that each 
months has at different times presented a maximum of fog-days in tl 
even March in one instance, the winter 1886-7. 

XrXBBK OF DATS OX WHICH FOG WAS SKPOBTED AT GREENWICH, 1 

Year. Not. Dec Jan. Feb. Mar. 



1858 


9 


4 


4 


2 


2 


1859 


10 


3 


4 


1 


1 


1860 


6 


8 


10 








1861 


5 


8 


3 


4 


4 


1862 


12 


1 


1 


5 


4 


1863 


3 


1 


9 


2 


2 


1864 


11 


9 


4 


2 


1 


1865 


7 


9 


1 


4 


3 


1866 


8 


8 


7 


3 


2 


1867 


16 


9 





2 


2 


1868 


4 


4 


3 


1 


4 


1869 


8 


3 


5 


1 


3 


1870 


14 


6 


2 


3 


6 


1871 


10 


13 


3 


3 


3 


1872 


4 


12 


1 


10 


9 


1873 


5 


12 


1 


6 


6 


1874 


14 


8 


1 


5 


1 


1875 


2 


11 


9 


3 


1 


1876 


7 


1 


6 








1877 


3 


3 


4 


7 


5 


1878 


7 


10 


6 


2 


6 


1879 


10 


17 


9 


4 


3 


1880 


6 


3 


10 


5 


4 


1881 


3 


7 


11 


8 


7 


1882 


4 


9 


3 


4 


2 


1883 


7 


8 


6 


3 


3 


1884 


6 





7 





4 


1885 


5 


11 


5 


6 


5 


1886 


8 


6 


9 


8 


10 


1887 


5 


5 


7 


1 


2 


1888 


2 


10 


12 





3 


Average 


7-1 


lO 


5-3 


34 


3-5 



RECENT PUBLICATIONS- 

Ambbican MsTEOKOLOOiCAL JouBNAL. A Monthly Review of Me 
Medical Climatology and Geography. Vol. Y. Nos. 9-11. 
Mareh 1889. 8vo. 
The chief articles are :— The orsanisation of the Meteorological 
some of the principal oonntries of Europe, by A. L. Rotch (28 pp.)- 
Not. the author gives an account of the service in France.— Increase o: 
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by p. Waldo (7 pp.). — Note on the influence of Forests upon Rainfall, by W. 
Ferrel (2 pp.). — The Exhibition of the New England Meteorological Society 
(6 pp.). Following the custom of the Royal Meteorological Society, this Society 



held a very successful exhibition of meteorological instruments in connection 
with its meeting in January. This paper describes the various instruments 
exhibited.— West Indian Hurricanes ana the March Blizzard (20 pp.). This is 
an abstract of a lecture by Ensign £. Hayden, U.S.N. — State Tornado Charts, by 
Lieut J. P. Finley (17 pp.). It is contemplated to publish a series of over 30 
State tornado charts. In these Nos. the author gives the charts for Wisconsin 
and C^rgia. — Anemometer Comparisons, by H. A. Hazen (8 pp.). 

Annuaibs db la Boor&T± M^TioBOLoaiQus DE Fbanoe. Tome XXXYI. 
Sepiember-Ootober 1888. 4to. 

Contains : — Memoire sur la thermodynamique de 1' atmosphere, par W. de 
Bezold (10 pp.).— Crues de TOued M*Zab, depuis 1728 (2 pp.). 

Imbian Mbtbobolooio^ Meuoibs : being occasional Discussions and com- 
pilations of Meteorological Data relating to India and the Neighbouring 
Countries. Published under the direction of Henbt F. Blanfobd, F.B. S. , 
Meteorological Reporter. Vol. lY. Part Y. 1888. 4to. 

Contains : — ^The Cyclone of May 25th to June 2nd, 1881, in the Arabian Sea, 
by F. Chambers (100 pp. and 14 plates). The author first gives a general 
description of the meteorology of the Arabian Sea and that part of the Indian 
Ocean which lies to the north of the Tropic of Capricorn. He shows that almost 
all the tropical cyclones of these seas originate in the equatorial belt of low 
atmospheric pressure. After discussing the results of this violent cyclone, the 
author brings out the fact that at a constant distance from the centre of the 
cyclone, the incurvature of the winds on different sides varied in a systematic 
way from nothine to four points of the compass. He also infers that the direc- 
tion of motion of cyclones in the Arabian Sea in May and June is about six 
points to the left of the direction towards which the normal monsoon wind blows. 

JOUBNAL OF THE SCOTTISH MsTEOBOLOGICAL BOOIETT. Third SorioS, No. Y. 

1889. 4to. 

Amonff other information this contains the following articles : — St. Elmo's 
Fire on Sen Nevis, by A. Rankin (10 pp.). The most frequent manner in which 
St. Elmo's Fire makes its appearance at the Observatory is as caps of light on 
the tips of the lightning rod, but occasionally it appears as jets of flame project- 
ing 6om all objects on the top of the tower, and from the cowl of the kitchen 
chunnejr, which rises from the roof at some distance from the tower. These jets 
are at times from 4 to 6 inches in length, and make a peculiar hissing sound. 
Daring a very brilliant display, the observer's hair, hat, pencil, &c. are aglow 
with the ^ Fire ' ; but, except for a slight tineling sensation m the head and hands, 
he suffers no inconvenience from it. On such occasions, if a stick be raised above 
the head, jets of electric light will be seen on its upper end. The only drawback 
to observing it with advantage is the unpleasant character of the weather in 
which it appears, namely, blinding showers of snow and hail, and squally winds, 
causing a good deal of snowdrift. Up to the present time onlv 15 cases have 
been recoraed at the Observatory ; these occurred all in the night-time, and all 
during the winter months, beginning with September and ending with February. 
As far as local observation goes, St. Elmo's Fire is seen on an average 6 hours 
after the lowest reading of the barometer has been recorded, in a depression that 
ocenrs in a general low pressure area ; it is preceded, accompanied, and followed 
by a falling temperature ; before it is seen the wind has veered considerably, and 
goes^ on veering for some time after its appearance ; and it is attended bv heavy 
precipitation in the form of snow-hail. — The Climate of the Isle of Man, by 
A. W. Moore (17 pp.). T^na is a discussion of all the temperature and rainfall 
observations which nave been made in the Isle of Man from 1830 to 1887. —Some 
rough Observations made in the interior of North Queensland, bv Dr. J. fieddoe, 
FJi.S. (3 pp.). — Notice of a peculiarly effectual Hygrometer fifty years ago, by 
C. Flam Smyth (2 pp.). 
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Meteobolooisohi Zbitsorbift. Heransgegeben Yon der oesierreiehisehen 
GesellBchafk far Meieorologie and der deatBohen meteorologigohen 
Gesellschaft. Bedigirt von Dr. J. Hank and Dr. W. KdppsN. January- 
March 1889. 4io. 

The principal articles are : — ^Die Re^nrerhSltnitse Indiens, von Dr. W. J. 
van Bebber (17 pp.). This is an analvsis of Mr. Bluiford*s paper on the Bain- 
fall of India, in tne Indian MeUorologicai Memoin, — Ueber den mitUeren tiglichen 
Gang des Barometers an heiteren and trfiben Tagen zn Hamborg, von K. 
Nakamara (6 pp.). The author, who is a Japanese, endeavours to expl^ the 
diurnal oscillation of the barometer by the superposition of two oscillations, one 
of diurnal, the other of semi-diurnal period. The former stands in direct relation 
to insolation, while the latter does not The editors remark that these results 
confirm those arrived at by von Lament, and also by Mr. Bundell (Quarierlff 
Jaumaly YoL V. p. 36).— Interessante Wolkenbildung fiber der Bacht von 
Buccari, von Prof. H. Mohorovicic (3 pp. and plate). A translation of thia paper 
is given in Mr. Marriott's *' Beport on the lleim Wind Inquiry " (see p. 111).:— 
Beobachtungen fiber die Polarisation des Himmelslichtes insoesondere zur Zeit 
der Abenddammerung, von F. Busch (14 pp.). This is an investigation into the 
conditions of polarisation in the atmosphere and the way in whidi its plane 
chanees. The effsct of the Krakatoa glows on this polarisation is also noticed.— 
Besultate der meteorolonschen Beobachtungen der franzosischen Polar-Expedi- 
tion 1882-83 am Cap Horn ; angezeigt von J. Hann (15 pp.). This is a very 
careful analysis of these observations. The reviewer remarks that there are 
numerous typographical errors in the tables. 

Stmons's Monthlt Mbtbobolooioal MaoAZiNS. Vol. XXIY. No& 277- 
279. Febraary-April 1889. 8vo. 

The principal articles are :— Three days on the top of Mont Blanc (2 pp.). — 
The Old Barometer in Salisbur Cathedral (1 p.).— A (3old Period (3 pp.).— The 
Floods of March 8th-9th, 1889 (5 pp.).— Ground Ice, or Anchor Ice (6 pp.).— 
The Bainfall of Heligoland, by Dr. G. Hellman (2 pp.). 
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THE SUN, ITS HEAT AND LIGHT. 

An Address delivered to the Royal Meteorologioal Society, March 20th, 
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Om January 16th last I had the honour of addressing you on the subject of 
fogB, an appropriate one at the time, considering the state of the weather in 
the preceding month of December. 

It 80 happens that the month of May, towards which we are rapidly 
drifting, is the sunniest in the year, hence little apology need be offered for 
drawing your attention this evening to the sun*s heat and light. 

An extract from J. B. Waring*s book on Ceramic Art in Remote Ages 
shows the amount of awe and reverence with which, at one time, the sun 
was regarded : — << When the phenomena of life first led men to reflect 
upon the origin of themselves and of the vast world of nature which sur- 
rounded them, they could not be otherwise than struck by the fact of there 
being two sources of life, 1st, the reproductive animal principle, and 2nd, 
the yivifying power of the sun, which by means of its heat and light was 

MEW SIBBS.^VOL. XT. L 
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clearly not only the immediate parent or narse of all inanimate existence, bat 
might also be regarded as the source of all human and animal life as well, so 
powerful are its effects and so necessary its presence for the origin, continoance 
and progress of all life. Thus we find the early nations of all parts of the 
world claiming a solar origin and calling themselves children of the sun. 
The symbol of this great luminary — that of a circle — in various forms and 
arrangements, we shall find was in use among all nations of antiquity, and 
the very earliest form of it we meet with, that of a circle and central point, 
is still the solar emblem amongst astronomers." 

The source or origin of all meteorological phenomena is the sun, which 
sends or radiates its heat through space to the earth. We can judge what 
the absence of the direct influence of the sun would be from the state of the 
polar regions throughout a long season of darkness and intense cold. Vege- 
tation would become totally extinct, and human existence could not possibly 
be maintained. As it is, the sun apparently moving from south to north, and 
vice versa, distributes its favours in turn throughout the globe, while the 
greater heat of the sun's rays between the tropics produces a central belt 
of marked meteorological phenomena from which they extend far and wide. 
The sun's influence diminishing as its rays fall more obliquely on the earth, the 
heat is transmitted through our atmosphere, whose temperature it raises but 
very slightly, though losing its own power in no inconsiderable degree. 

If there were no air and moisture round the earth, we should feel the sun's 
heat to a much greater extent. After the rays have reached the earth a 
portion of the heat is absorbed by the earth and terrestrial objects, another 
is converted into motion, and a third portion is reflected into space. 

The difficulty of determining the amount of solar heat the earth actually 
receives at the sea-level, by observing the amount which falls at a given time 
over a given space, is so great, that, according to Langley, the most competent 
observers differ by nearly a third of the whole amount in question.^ Even 
the variations in the power of the atmosphere to transmit heat on clear days 
are great and surprising. Mr. Langley remarks : — ** We are as though at the 
bottom of a turbid and agitated sea, and trying thence to obtain an idea of 
what goes on in the upper region of light and calm." 

The agent which interferes most with the passage of the sun's heat through 
the atmosphere is aqueous vapour. Prof. Soret,' of Geneva, condudes that 
in winter, when the air is dry, the radiation (or passage of the 8nn*s heat 
through the air) is more intense than in summer, and that in general, other 
things being equal, wo obtain a higher degree of solar radiation when the air 
is dry than when it is humid, even though to the eye it may appear more 
transparent in the latter case. 

It is perhaps thought at first sight that the solar heat is best measured in 
the same way as wc are in the habit of employing for the temperature of the 

* Langley, Researches on Solar Heat. 

^ Association frangaisc pour Vavancement des Sciatices. Congr^ de Bordsaux. 12535. 
No. XV. 7. 
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o8pliei!«, that is, by means of the thermometer ; bat bright mercurial 
-momeier bulbs reflect the son's heat instead of absorbing it, and therefore 
mometera give readings greatly below the truth, while thermometer bulbs 
skened with lamp black, although absorbing the sun's heat, would give it 

irregnlarly to the surrounding atmosphere by conduction, undergoing a 
3688 of eooling, just as the hand feels cold when in contact with a piece 
Jon. 

lie nnsuitability of ordinary thermometers for the determination of the 
'a heat led to the contrivance of the instrument known as the Actinometer, 
a oeHn^ ray, and metron^ a measure. Herschel's actinometer consists of a 
nder filled with a blue solution of copper ammonia-sulphate ; this cylinder 
f be looked upon as the bulb of a very large thermometer, as it is soldered 
me end to a graduated thermometer tube, into which the liquid rises when 
anded by the sun's rays. The instrument is exposed several times for 

minnte in the sun and in the shade alternately, and in each case the 
ogee of volume are read off on the scale. As stated by Hersohel, the 
lU obtained shows, by calculation, that the sun gives out an amount of 
i Boffieient to melt in one minute one-millionth part of a metre of a sheet 
lee, if it fell vertically upon it. There are other instruments constructed 
ti a similar object, such as the Pyrheliometer of Pouillet and the Actino- 
<er of Tiolle ; but that which is certainly the simplest, and is now, I may 
, nearly exclusively in use, is the black bulb thermometer in vacuo. The 
idple of this instrument is the absorption of solar heat by a thermometer 
ing its bulb and a small portion of the tube blackened, and thus prevented 
n reflecting any of the sun's rays ; while it is enclosed in a glass case or 
set in which as good a vacuum as possible has been made. The object of 
vacuum round the thermometer is to prevent loss of heat of the black 
b by convection to the air, with which under ordinary circumstances it is 
lireet contact. Such instruments can record two phenomena — ^the tem- 
Biore of the air, and the intensity of the sun's rays — therefore in order to 
ain the heat of the sun's rays only, it has been suggested to use two ther- 
neters, both in vacuum jackets and alike in all respects except that one 
its bulb and part of the stem blackened, while the other is left bright. 
;h instruments being exposed to the sun, the excess of the readings of the 
ek bulb over those of the bright bulb thermometer will yield the amount 
solar radiation. It is, of course, assumed that the bright bulb is not 
ited by the sun ; indeed, such appears to be the case, as a mirror exposed 
the sun's rays docs not convey to the touch any sensation of warmth. 
6 black-bulb thermometer is attributed in this country to Herschel, though 
s French claim Arago as its discoverer. Amongst the results of observa- 
ns made with the black bulb thermometer in vacuo, I may record the 
oarkable fact that at Davos, the Swiss winter health resort, 5,000 feet 
>ve the sea, with the country under a deep coating of snow, the direct 
'^ of the sun is actually greater than on the sunny shores of the Riviera at 
same period of the year. 
*l^ere iS| however, a drawback to the present method of determining solar 



ISO ItABOET — THE SUM, ITS HEAT AMD LiattT. 

radiation, from the ciroamstance that no two of these instruments, similarly 
exposed to the snn, read exactly alike. The Bev. F. W. Stow has introdoeed 
a great though simple improvement in the construction of these thermometers 
by extending the blackening of the bulb some little distance up the stem. 
This gentleman, who has given much attention to solar radiation, has* I 
understand, kindly brought for exhibition this evening an improyed form of 
actinometer. 

It will bo seen in what follows that the temperature of the solar rays 
Calls rapidly when tested at increasing altitudes in a baUoon. This is not, 
however, always the rule when ascending above the earth's level on high 
mountains. On such occasions meteorological conditions are met with un- 
known in mid-air, such as the absorption of heat by the rocks or ground^ 
the reflection of the sun's heat on snow, the local effects of certain warm or 
cold winds, &c. The height of the snow-line, or line of perpetual snow, is a 
good indication of the power of the sun in mountain districts, and wo find 
it varying from the sea-level in the polar circle to an altitude of about 
16,000 feet under the equator. Above the snow-line the heat of the sun is 
disposed of in two ways, — a portion of this heat is absorbed by the snow if 
below the freezing point, or it is used for melting it if above the freezing 
temperature ; but by fiEtr the greatest amount is reflected from the snow. 
The excessive heat and light of the sun experienced in mountainous regions 
when walking over snow is well known to Alpine climbers, as it may be pro- 
ductive of serious effects upon health. Thus it is that unless due precaution 
be taken, an affection of the eyes is not uncommon, known as ''snow- 
blindness,*' and requiring for its cure a prolonged stay in absolute darkness ; 
blue or tinted spectacles should therefore be worn when on snow in the 
high Alps. It is also a frequent occurrence at such places as Zermatt or 
Chamounix, to see tourists appear at table d'hOte with their noses and lips 
swollen to twice their natural size, and their cheeks and ears also swollen and 
exhibiting scars as if the skin had actually been bumt.^ 

The temperature of the air, to those ascending in a balloon, exhibits, 
however, a distinct and considerable fall. Mr. Glaisher, in his memorable 
balloon ascent from Wolverhampton on September 5th, 1862, kept a record 
of temperatures showing the gradual cooling of the atmosphere at increasing 
altitudes above the earth. A short account of this remarkable ascent, from 
Mr. Glaisher's book, Travels in the Air, may perhaps not be out of place on 
the present occasion. Mr. Glaisher remarks : '* We left the earth at 1.8 p.m., 
temperature of the air 59^, dew point 50^ ; the air was first misty ; at the 
height of 5,000 feet the temperature was 41^, dew point 87^*9. At 1.18 we 
entered a dense cloud, when the temperature fell to 86^'5, dew point the 
same, indicating a saturation of moisture. At this elevation the report of a 
gun was heard ; the clouds now became lighter, and on emerging from them 
at 17 minutes past 1, a flood of strong light burst upon us in a beautiful 

^ This, however, oan bo oaslly prevented by smeariDg the face with grease ; oxide of 
zinc ointment, from its white colour, being perhaps one of the best preservatives. 
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bine fHkj, while beneath as lay a magnificent sea of olonds, its surface Taried 
^th endless hills, hillocks, and mountain chains, and with many snow-white 

^^risiDgfirom it We reached the height of two miles at 

^•22 p.m., when the sky was of darker blue, and the earth was visible in 
^'Acaaumal patches beneath the clouds ; the temperature had fallen to the 
Aaezing point, and the dew point to 26°. The height of three miles was 
Attuned at 1.28 p.m., with a temperature of 18°, and dew point 18°. At 
^•84 p.m« Mr. GozweU was panting for breath. We reached the elevation of 
ibaj miles (the height of Chimborazo) at 1.40 p.m., the temperature was 8°, 
tf^e dew point — 16^, or 47° below the freezing point of water. Dischargmg 
>^Eid, we in ten minutes attained the altitude of five miles (26,400 feet), and 
^o temperature had passed below zero and then read —2°. At this point 
^o dew was observed on Begnault's hygrometer when cooled down to —80^. 
^p to this time," remarks Mr. Glaisher, '< I had taken observations with 
eosnforty and experienced no difficulty of breathing, while Mr. Coxwdl, from 
exertions, had breathed with difficulty for some time. Having discharged 
we ascended still higher, and I also found a difficulty in seeing clearly. 
1.51 p.m. the barometer read 10*8 inches. At 1.52 p.m., or later, I read 
I dry bulb thermometer at —5° ; after this I could not see the column of 
-^3ieury in the wet bulb thermometer, nor the hands of the watch, nor the 
divisions on any instrument. In consequence of the rotatory motion of 
.< balloon, the valve line had become entangled, and Mr. Coxwell had to 
iie the car and mount into the ring to re-a4just it. I then looked at the 
)meter, and found its reading to be 9f inches, still decreasing fast, implying 
lieight exceeding 29,000 feet. Shortly after," adds Mr. Glaisher, « I laid 
-jf arm upon the table possessed of its full vigour, but on being desirous to 
it I found it powerless, and trying to use the other arm I found it power- 
i^^^MBS also. Getting my head upright for an instant only, it fell on my right 
loolder ; then I fell backwards, my back resting against the side of the car, 
id my head on its edge ; in this position my eyes were directed to Mr. 
fell in the ring. . . . ; In an instant intense darkness overcame 

.e, but I was still conscious with a perfectly active brain Next 

suddenly became unconscious, as in going to sleep After a 

the instruments became dimly visible, then Mr. Coxwell, and very 

rmM lurtly I saw clearly. Next I arose from my seat, and looked around as 

'^^^OQgh awaking from sleep, though not refreshed, and said to Mr. Coxwell, 

* * J have been insensible." He said, " You have, and I too, very nearly." 

• • . Mr. Coxwell told me that he had lost the use of his hands, which 

'^1*6 black from the cold, and I poured brandy over them. He also said that 

he felt insensibility coming over him too, he became anxious to open the 

"e, but in consequence of having lost the use of his hands, he could not 

^ this ; ultimately he succeeded by seizing the cord with his teeth, and 

T^P^ing his head two or three times until the balloon took a decided turn 

^^vvnward." 

^^ recovering consciousness, Mr. Glaisher resumed his observations, at 2.7 
** •^^., the barometer reading 11'58 inches, temperature —2^, 
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In this ascent, on passing oat of the clonds there was an inerease ( 
temperatore of 9°, and then there was no interruption in the £a11 of tempen 
tore till the height of 15,000 feet was reached. At that elevation a wan 
onrrent of air was entered which continned to 24,000 fset, after which tli 
regular decrease of temperature was resumed up to the highest point readbec 
On descending, the same warmer current was again experienced hotwec 
S12,000 feet and 17,000 feet, the evidence of its presence lasting nntil H 
balloon had descended to about the same height at which the current wi 
entered on ascending ; after this no farther break occurred in the reguh 
increase of temperature, the sky being clear till the descent was completei 
From the general results with Begnault's hygrometer there can be no doul 
that at heights exceeding 80,000 feet the air was very dry. 

This account is very interesting as showing how little the atmosphei 
absorbs heat, and how great is the power of the earth to warm objects in ii 
immediate vicinity or in contact with it. 

This brings us to the subject of terrestrial radiation. The earth radiatet 
or gives out into space, the heat it receives from the sun ; in the day-time a 
equilibrium or balance is obtained between the absorption and radiation < 
solar heat, and it is this equilibrium of temperature which is shown by ih 
readings of the black bulb thermometer in vacuo. After sunset, the eart 
acquiring no further heat to make up for that it gives out, undergoes rapi 
cooling, and the temperature of the air in contact with it is also reducec 
But you will ask, what becomes of the heat the earth is thus giving out afU 
sunset and at night ? This heat rises through the air until it comes int 
contact with moisture, and there it is first of all arrested, and next oonverte 
into the motion required to expand the moisture and increase its vapov 
tension. Hence it is that at sunset and for some time later the air is foun 
to be warmer at a certain height above the ground than it is on the earth' 
surface. This phenomenon was clearly observed by Mr. Glaisher, up to a 
altitude of 1,900 feet, in his balloon ascent from the Woolwich Arsenal o 
October 2nd, 1865. 

The radiation of terrestrial heat into space after dark is clearly conceme 
in the fact that nights are, as a rule, so much finer than days. The dearc 
nights are due to a combination of circumstances, the principal of these bein^ 
first, the increased temperature at night in the higher atmosphere; an 
secondly, the diminished evaporation from the soil due to the absence of th 
sun's heat. 

A great deal more might be said on terrestrial radiation, which is one c 
the most interesting subjects in meteorology ; but such considerations woul 
carry me beyond the scope of the present address. 

It was stated above that a portion of the sun's heat when faUing on th 
earth was transformed into motion. Perhaps the most striking illustratio 
of the conversion of solar heat into motion, is the effect of the sun under th 
tropics. Here the sun sheds its rays from overhead at noon, heating ever 
inanimate object to a temperature barely allowing of the contact of the hand 
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bat men and animals come and go folly exposed to that intense heat, and 
yet their tomperatore is either not raised at all, or increased bat to a very 
trifling extent. Again, trees and plants, although fixed to the earth on which 
they grow, and incapable of motor power, transform a large quantity of the 
son's heat into motion to minister to their growth. This heat is given off 
again when wood is homed, indeed, the warmth emitted by onr coal fires is 
eqoal to the amonnt of heat the coals, nnder the form of plants and trees, 
have abstracted firom the son to obtain the power of growth. Another form 
ot transformation of heat into motion, and one of very great importance in 
the phenomena of natore, is the conversion of water into vaponr, which is 
again condensed in the atmosphere, to return under the form of rain. As 
something like two-thirds of the earth's surface is covered with water, the 
enormous amount of heat daily disposed of in the formation of vapour is 
certainly inconceivable. 

A very interesting illustration of the direct transformation of heat into 
motion is afforded by the instrument known as Crookes* Radiometer. A 
C^aas globe, in which an incomplete vacuum is made, carries a vertical needle 
axially fixed. On its summit is poised a rotating system consisting of light 
horizontal rods, each rod bearing at its extremity a small disc, blackened on 
one side. Such an instrument placed within reach of a source of heat, has 
the black sides of the disc more heated than the unblackened sides, and if the 
radiation be of sufficient energy the vane system rotates. Moonlight is too 
weak to produce this effect ; a candle will make a sensitive radiometer rotate ; 
a paraffin lamp without a globe will, at close quarters, make the vane fly 
round so fast as to be almost invisible. 

The action of heat in Crookes' radiometer is explained as follows : — ^If a 
finrfiEice be heated, a molecule of gas striking against it is likewise heated, 
and it leaves the hot surface with a velocity greater than that with which it 
liad approached it. If the surface be fixed, the gas in front of it is driven 
^waj, but if the disc be suspended in a partial vacuum, as in the case of 
Crookes' radiometer, the molecules of air heated by the black surfaces react 
^pon the blackened surface of the vanes and dri?o them round. 

AnoUier illustration of the transformation of heat into motion, or of the 
^neehanical effects of heat upon fluids, is their conversion into what is known 
the spheroidal condition. This was first observed by Leidenfrost. When 
inverted silver basin has been heated by placing a lamp underneath it, if a 
Sponge full of water be squeezed over it, the drops will roll over the surface 
^>f the basin like liquid spheres ; every drop as it strikes the hot surface and 
^ollfl along it developing vapour, which lifts it out of contact, thus destroying 
9Bdl cohesion between the surfiice and the drop, and enabling the latter to 
preserve its spherical or spheroidal form.* Mr. Boutigny has given a similar 
^aocplanation to many extraordinary effects, such as the following: — ^If the 
^and be wet it may be passed through a stream of molten metal without 
^Snjnry, because of the moisture assuming the globular form and interposing 
9 bad conductor of heat between the hand and the melted metal. I recollect 

^ Tyndall. Eeat, a Mode of Motion, 
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on one ooeasion, while yifliting an iron fonndry, dipping my damp finger into 
a vessel fall of molten iron, to the great astonishment of the workmen. 
If I had here a quantity of melted lead yon might see that I eoold pass two 
or three wetted fingers through it without any discomfort whateyer, or even 
have the molten lead poured on the back of my hand. 

There is a very interesting case on record in which, thanks in a great 
measure to the spheroid form fluids assume from the action of intense heat, 
a man swallowed a quantity of molten lead without its effects bdng immediately 
fatal. The Eddystone Ldghthouse was burnt down on Thursday, December 
4th, 1755, at three o'clock in the afternoon. Henry Hall, aged 94 years, of 
a good constitution, being one of the three men in the lighthouse at the time, 
was rescued, and with much difficulty returned to his own house at Plymouth. 
Dr. Spry was sent to see him, and found him in bed complaining of extreme 
pain all over his body ; he told the Doctor, in a hoarse voice scarcely audible, 
that melted lead had run down his throat into his body. An inspection of 
the throat, the root of the tongue and contiguous parts, showed indications of 
severe scorching. On the fourth day he was much better, but growing 
suddenly worse he expired the day after. The stomach, on examination, was 
found greatly inflamed and ulcerated, and from its great cavity Dr. Spry took 
out a piece of lead weighing 7 oz. 5 dr. tmd 18 grains. 

According to the statement made by this man to Dr. Spry : when the 
accident happened he was endeavouring to extinguish the flames, which were 
at a considerable height over his head. The lead of the lantern being melted, 
dropped down upon his face and clothes and into his mouth, whidi was at 
the time open. 

The account of this remarkable case was sent by Dr. Spry to the Royal 
Society, but the truth of the occurrence being doubted, the publication of the 
paper was deferred ; the Doctor, however, instituted a number of experiments 
which turned out thoroughly conclusive, and his report was finally published 
in the Philosophical Transactions for 1756. The present narrative is an 
abstract from that paper. 

The escape of the man from immediate death is accounted for by the 
melted lead, when pouring down his throat, meeting with wet sui&ces of 
mucous membrane and the moisture assuming the spheroidal form, thus 
preventing the destruction of these parts beyond surface scorching. On 
reaching the stomach, in which there was probably some fluid, the lead rnoBt 
have been very rapidly cooled. 

After the foregoing survey of the history of the sun's heat, I must now 
beg briefly to draw your attention to the sun's light. 

The passage of the sun's light through our atmosphere alters it in kind to 
a great and remarkable extent. You will presently see how light can be 
decomposed into its elementary colours — those of the solar spectrum as seen 
in rainbows ; meanwhile you will be surprised to hear that sunlight is not 
originally white but bright blue.^ Its filtration through two atmospheres-* 

1 DanUWs Physia, p. 488. 
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that of the son and that of the earth — ^renders it yellowish white (Langley). 
The ultra violet part of the speetmm is enormoasly brighter at high altitudes. 
Light is a vibration of an imponderable matter existing everywhere in 
space, but this vibration mast act upon or within objects let them be ever so 
small, 8Qch as atmospheric dust, to become capable of affecting our sight. 
Dr. Tyndall*B admirable researches on this subject must remain for ever a 
masterpiece of philosophical research. I shall endeavour to show you his 
well-known experiment in which a large glass vessel, having been freed from 
the dost contained in its air, remains dark when a ray of light is made to fall 
upon it. In this jar the air has been pumped out and let in again through 
eotton wool a number of times, by so doing its dust has been removed in a 
very great measure ; then, with due precaution, glycerine was let into the jar 
&nd made to cover its floor in a thin layer. On leaving the jar untouched 
£or some days, the remaining dust fell upon the glycerine, to which it 
Adhered, leaving the air absolutely pure. You will see that a ray of light 
xnade to fall upon this jar disappears within it but reappears on the other 
laide, showing that the power to form light was there though not the material 
for this power to act upon. You will recollect my telling you that the light 
€3f the sun is not a single or elementary cobur, but a combination of lights 
^>f different colours. This is seen to be the case by placing a prism, best of 
All a prismatie glass receiver foil of carbon bisulphide, in the track of the sun's 
ijB filtered through a small slit into a dark room. The light is refracted 
id decomposed in the prism, which separates from each other the rays of 
refrangibility, and if a screen be placed beyond the prism in such a 
3^osition that the ray of light as it leaves the prism falls upon the screen, the 
3ight is no longer white but shows the seven colours of the rainbow or the 
solar spectrum in which the violet is at one end and the red at the other. The 
xainbow is a natural illustration of the decomposition of light ; it is seen when 
^the observer is standing between the sun and the rain, the amount of rainbow 
circle visible at any time depending on the altitude of the sun ; if the sun be 
on the horizon the bow will be semicircular, when the observer is placed on 
a mountain the bow sometimes forms an entire circle, and wo all know that 
eomplete circles are occasionally seen in the spray of a waterfall. The 
phenomenon is due to the sun*s rays falling on drops of rain, the ray enters 
the drop and then undergoes a refraction or a bend in its course, while at the 
same time it is decomposed into its elementary colours, as would occur in a 
prism ; then the refracted and decomposed ray is reflected towards the ob- 
server. Of course no two observers see the same rainbow, although they 
appear to do so. It is easily shown experimentally that the different colours 
of the spectrum cannot be further decomposed, as by placing a second prism 
in the course of any one of the coloured rays there is no further change of 
colour. On the other hand, the white light of the decomposed ray can bo 
restored in various ways. . One of the simplest methods of attaining this 
object is to throw the spectrum on a concave mirror instead of a screen, when 
the reflected coloured rays meeting together in the focus of the mirror will 
appear white on a screen of ground glass. Another plan is to revolve rapidly 
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a disc on which the seven colours of the spectrum have been painted, when 
the ooloars forming one single impression on the retina will appear white or 
nearly so. 

I most now beg to draw your attention to the instruments we possess for 
measuring the duration of sunlight; they are called " Sunshine Recorders." 
There are two different instruments used for this purpose in this country, one 
originally designed by the late Mr. J. F. Campbell, a modification of which 
by Prof. Stokes is now employed by the Meteorological Office, and the other 
contrived by Mr. J. B. Jordan in 1885, the record by one of which is published 
daily in the Times newspaper. 

In the Campbell-Stokes recorder the rays are received on a sphere of ^bsb 
and concentrated upon a card placed at the back, the surface of which becomes 
charred, and so indicates the duration of bright sunshine. 

Mr. Jordan's recorder is constructed in such a way that the sun leaves a 
record of its presence on photographic paper. It consists of a small cj^diical 
box with two apertures, one admitting the sun*s rays before noon and the 
other after noon. The inside of the box is lined with sensitised paper. The 
sun shining through the hole forms a trace on the paper. At the end of the 
day the paper is taken out of the box, the length of the trace is measured, 
and the shoot dipped in water so that it may be fixed. 

Mr. Symons, in an interesting lecture on '' Sunshine," delivered at the 
Boyal Botanic Gardens in May 1888, discusses the relative merits of the 
burning and photographic methods as follows : — 

** It seoms to mo,'* observes Mr. Symons, '' whereas the photographie 
instruments record sun light and the burning ones only sun shine, the former 
ought to give indications during a greater number of hours than the latter ; 
and the table given by Messrs. Jordan and Gaster in the Quarterly Journal 
of the Royal Meteorological Society shows that this was the case in 22 days 
out of 78. 

<< Per contra we must remember that the photographic paper cannot retain 
its sensitiveness for ever, whereas the cards for the burning reoorders would 
be just as fit for use half a century after as on the day on which they were 
purchased ; and also that though the fixing of the photographic traees is 
extremely easy, still it has to be done, and the burning oi\es require no treat- 
ment whatever." 

From observations with sunshine recorders from 1880 to 1886, the month 
of May is found to be that of greatest sunshine. The average yearly total 
duration of bright sunshine in different parts of the United Kingdom ean be 
estimated, according to Mr. Symons, as 1,850 hours in Jersey against 1,100 
hours in London, so that Jersey would receive about one-third more sunshine 
than London.' 

I have selected the subject of <* The Sun, its Heat and Light," for the 
present address, as an introduction to the Exhibition of Instruments to which 
we shall now adjourn. The reports of meteorological observations which 
appear in so many of our papers, and which are now so widely oiroulated, 
assure us of an acquaintance with the instruments in common use for such 
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obMTvatioiiBf aod those concerned with the heat and light of the sun will, I 
am snre, be specially interestmg to you as procuring for us knowledge on 
mattom of the highest interest. 



ON THE RIME-FROST OF JANUARY 6th and 7th, 1889. 

By CHARLES B. PLOWRIGHT, F.L.S. 
(Communicated by B. H.Soott, F.R.S.) 



[Bead April 17th, 1889.] 

Om Sunday morning, January 6th, 1889, the vicinity of King's Lynn pre- 
sented a magnificent spectacle of rime-frost. The two previous days had 
l>een frosty and with dense fog, but when for a short time on Sunday morning 
Hie fog cleared off, the beauty of the rime was very striking. 

On the 7th I had an opportunity of observing the phenomenon at Wolforton, 
'Every object seemed to be covered with the rimo. The crystals, which were 
large and well formed, enveloped the objects on all sides, but those on the 
south or south-west side were larger and greatly elongated. I measured 
this fringe of crystals upon several twigs and branches, and found it to be 
between 1} and 2 inches in length. Towards its base this fringe was much 
more solid and compact than it was at its free edge, whore the crystals were 
distinot and separate. The same unilateral deposit occurred upon the 
tel^praph wires, so that they became converted into ribbons of icy crystals. 
A piece of wire netting placed east and west along the side of a field was 
converted into a sheet of gigantic honeycomb, the cells of which, fully an 
inch deep, were confined to the south side. 

All the overhead telephone wires in King's Lynn wore broken down by the 
weight of the rime during Sunday (6th), and on Monday morning (7th) only 
one out of the 14 telegraph wires was in working order. 

The izyuries to the trees were very remarkable and interesting. In the 
woods and plantations they escaped injury, excepting those which were placed 
on the southern sides : but those standing alone, either in fields or by the 
road sides, suffered considerably. 

It is remarkable that evergreens, including the firs, escaped injury almost 
entirely, although these trees are very frequently broken by snow. An 
isolated Scotch fir at Hillington, however, lost several arms, and a few branches 
were broken off some trees on the south side of a fir wood at Shortrccs. At 
Wolferton and Sandringham, however, amongst the hundreds of fir trees I 
only observed one which was broken. The birch trees, on tlie contrary, 
Bu&red considerably, many of them losing more than one branch. A small 
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tree near Wolferton Station lost an arm which constituted nearly one-third of 
the tree itself. The oak trees were very much hroken, the broken branches 
and twigs almost invariably remaining attached to the trees. Sometimes the 
fracture occurred at a joint, sometimes in the continuity of the branch. 

The commonest roadside tree in this district, the elm, was quite as much 
ii^'ured as the oak. Sometimes a large arm gave way, but more frequently 
the smaller branches only suffered ; these remained attached, but not for so 
long a period as the oak branches. The Hon. Miss M. Milles measured one 
of the largest arms which was broken off an elm tree near Middleton Hall, 
and found it to be 1 ft. 10 ins. in diameter. This one fell at 5.20 p.m. on 
the 5th, but it was not perfectly sound. 

The larger willows suffered a good deal, the ii\]uries being principally to 
the larger arms. This was also the case with the weeping willows. Of aU 
the trees none suffered more than the black poplar, a tree which is largely 
planted in the Fen District. Mr. S. N. Marshall, of West Lynn, who has a 
number of these trees surrounding his garden, watched the branches come 
down, one after another, during the morning of Sunday, and when the dibriM 
was cleared up it amounted to two wagon-loads of fagots. Mr. Alfred 
Burlingham observed the fall of numerous poplar branches while skating aft 
Islington on Monday the 7th. Mr. Herbert G. Ward, at Terrington St. 
Clement's, noticed the remarkable manner in which the branches of these 
trees were gradually bent down by the weight of the rime until they gave 
way. Mr. S. Egar, of Thomey, near Peterborough, had to cut down a black 
poplar, which by losing several large arms during the rime so alarmed the 
inhabitants of a house standing under it that they insisted upon the tree being 
feUed. 

Several persons remarked the dark colour of the rime after it had fiillen 
from the trees when the thaw came. Particularly was this the case at 
Norwich. This dark colour was most likely to be due here to soot. But I 
observed the same feature at Wolferton on the 9th, and Miss Pung did so at 
Eoydon on the same day. As both these places are small villages, distanced 
seven or eight miles from the nearest town (Lynn), it seems hardly possible 
that soot alone could have been the cause. 

It is curious how the ash trees escaped ii^'ury almost entirely, and this is the 
more remarkable because many of them were loaded still with their fruit (ash 
keys), thus affording a considerable surface-area upon which the rime was 
deposited.^ 

No circumstance connected with this rime was more noticeable than the 
obstructions to travellers on the public roads. The market carts coming into 
Lynn on Tuesday morning had to clear away the branches which had Cedlen 
during the night, before they could pass. A party of ladies and gentlemen 



1 The rime-froBt lasted altogether for nine conseontive days. The reason the ash 
trees escaped injury was because they relatively have much fewer small twigs than the 
oak, elms, <fec., so that the ooUeotiye weight each aah tree bore was mqoh less thi^ 
Qiost other trees? 
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to Nariford Lake on Monday were not only impeded by the debris^ but 
^^ere at times in considerable alarm lest branches should fall upon them as 
'fthey passed under some of the trees. 



DISCUSSION. 

The President (Dr. Marcet) said that he remembered seeing on a foggy day 
^n the St. Theodule pass in Switzerland a line which stretched between two 
liNiildings, so completely covered with rime as to be quite invisible, the deposit 
Ibeing foUy an inch thick all round it. 

Mr. SCOFT called attention to the fact that Mr. Plowright stated that the rime 
^was deposited on one side only of the branches of the trees : and that on Ben 
2^eyi8 and the Puy de Ddme it was always found that rime deposited itself on 
^e windward side only of objects. 

Mr. BuCHAN remarked that the reason why ash trees suffered so little from 
l>reaka^e was owing to the natural toughness of the wood, while birch trees were 
-very brittle. 

Mr. Wilson said that at Harpenden the rime was very beautiful. He had 
^ound that rime always grew toward the wind. He asked whether the blackened 
appearance spoken of in the paper could be due to the chemical nature of the 
deposit 

Mr. Inwards observed that the bark of the ash was so smooth that possibly 
the crystals fell off more readily. 

Mr. BuCHAN stated that rime was very frequently formed on Ben Nevis. The 
deposition was always greatest on the windward side, and was in proportion to 
the strength of the wind. It was sometimes 3 feet in thickness, and formed at 
the rate of 3 inches an hour. The telegraph cable was placed underground, 
and was consequently not affected. At the mountain observatories on the 
continent, the telegraph wires, which were at first placed above ground, were 
frequently broken by the weight of the rime. 

Dr. Lawson said that he had noticed that generally several days of hard frost 
occurred before there was any deposit of ice such as was described in this paper, 
and that the deposition took place after a change of wind to South-west, the 
greater deposit being on the windward side. 

Mr. Symons said that the phenomenon of silver thaw was the deposit of very 
fine rain ^or Scotch mist) on cold objects, and the ice so formed was always clear, 
whereas nme-frost was the deposit of fog, and the crystals composing tnis rime 
were always opaque and of a snowy appearance. He oelieved the intense rime- 
deposit of January last prevailed over a large area of country extending from 
Ldncolnshire to Berkshire. The attention of the Rev. Leonard Blomeficld, the 
veteran meteorologist of Bath, had been drawn to the intensity of this recent 
rime-frost, and, in reply, he said that he had only once seen such excessive rime 
at Swaffam Vicarage, "when all the twigs of the trees, even the slenderest, were 
so enveloped in long spiculse standing out perpendicularly to the length of an 
inch or two at least, as to resemble bottle-brushes. The effects were injurious in 
some cases, but not to the extent of large boughs of trees bein^ broken." .... 
** Fog, combined with a very low temperature and a perfectly still air, I suppose 
to be essential conditions." (See also Howard's Climate of London. Vol. II. 
p. 226.) 

Dr. Tripe said he distinctly remembered two occasions on which he had ob- 
served the phenomenon of silver thaw, and in each case there was no wind. He 
believed the absence of wind under other similar conditions, except the presence 
of wind, had caused a silver thaw instead of the phenomena mentioned in the 
paper. 

Mr. Scott remarked that a silver-thaw was a deposition of moisture on ob- 
jects of low temperature, while glazed frost was generally supposed to occur 
when snow on the ground had thawed superficially and a fresli frost had ensued. 

Mr. Curtis said he remembered two remarkable instances of silver-thaw 
occurring in London, the first and most striking of which wa» on the evening of 
January 22nd, 1867. On that occasion the streets were completely covered with 
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a coating of clear ice, upon which persons were able to skate, and which 
rendered locomotion of any other kind vei^ difficult indeed. The moisture could, 
however, be distinctly heard to fall as rain upon an open umbrella^ although the 
umbrella itself was covered with a sheet of ice, whicn rendered it almost im- 
possible to close it until the ice had been thawed. The second instance occurred 
on the evening of January 1st. 1875, when again the streets were glazed with a 
similar coating of ice. which almost entirely stopped vehicular traffic, and caused 
many accidents to pedestrians. The atmospheric conditions which accompanied 
the phenomena were similar on both occasions. An unusually severe frost had 
prevailed for several da^s, and had rendered the ground extremely cold ; then 
tlic arrival of a depression in the West brought with it a warmer current of air 
whose moisture was deposited as rain ; but this coming into contact with the 
cliilled ground, or with other cold bodies near it, at once froze and formed the 
coating of ice. On both occasions the temperature rose very quickly, and the 
silver-thaw was followed by warmer weather. 

Mr. BucHAN said that sometimes the ladder and other objects at the Ben Nevis 
Observatory were covered with a coating of solid uncrjrstaUised transparent ice, 
which was of quite a different formation to that of rune. He would ascertain 
between what temperatures the rime was formed. 



ON THE DEATHS CAUSED BY LIGHTNING IN ENGLAND 

AND WALES from 1862 to 1880, as recorded in the 

Returns of the Registrar-General. 

By ROBERT LAWSON, Inspector-General of Hospitals, LL.D., F.S.S., 

F.B.Met.Soc. 



[BeoeiTed January 22nd.— Bead April 17th, 1889.] 

In a paper on the Results of an Investigation of the Phenomena of English 
Thunderstorms during the years 1857-59,^ read before this Society In 
November last, by Mr. Symons, allusion was made to the numbers of persons 
killed or injured by lightning in the year, and he expressed a hope that some 
Fellow of the Society, who bad access to the Returns of the Registrar-Oeneral, 
would be induced to extend the record as far as the details in them migh^ 
admit. Having the complete series of these Reports in my possession, I hav^ 
gone over them carefnUy, and now submit the results for the consideration of 
tiio Royal Meteorological Society. 

The deaths from lightning, in England and Wales, are shown in 8 
separate form, for the first time, in the Nineteenth Annual Report, for 1856, 
p. 179, where there is a table of the total deaths from this cause for each 
year from 1852 to 1856, with the sex and ages, registration districts and 
counties in which they happened, and in subsequent Reports, up to 1880 in- 
clusive, these are given in detail, together with their localities, and dates of 
occurrence. After 1880 the deaths are shown in the general table of dis* 

^ Quarterly Journal^ Vol. XV. p^ 1. 
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I, far males and females separately, with their ages, bnt there is no notice 
»f the localities where they ocenrred, or of their dates. 

The' deaths from lightning dnring the twenty-nine years 1852-1880 
moimted to 546 ; the number fluctoated considerably in different years, 
has in 1868 there were 8 only, in 1864 6, and in 1869 7, while in 1852 
here were 45, and in 1872 46 ; the average during the period being 19. 
fmnbers so limited do not afford a basis altogether satisfactory for 
leneraliaation, but by grouping them in periods of a series of years their 
neqiudities may be neutralised to a considerable extent, and some useful 
ndieations arrived at. 

In the first part of the following Table A the deaths have been grouped 
In ihe three periods 1852-60, 1861-70, and 1871-80, for England and 
l^ales, and for each of the eleven Registration Divisions. In the second 
part the mean annual rate of these deaths on a population, assumed at 
10,000,000 in England and Wales, and in each division, are given for each 
group, and in the last column the general mean of each of them for the 
twenty-nine years. 

TABLB A. 



England and Wales 
and DiTisions. 


Deaths from 
Lightning in Under- 
mentioned Periods. 


Average Annual Bates per 10,000,000 
living. 


1852 

to 

i860. 


1861 

to 

1870. 


1871 

to 

1880. 


1852 

to 

i860. 


1861 
to 

1870. 


1871 

to 

1880. 


1852 

to 

1880. 


England and Wales . . 


176 


139 


*3« 


10-50 


6*50 


9*54 


879 


I. Metropolis 

n. Soath Eastern . . 
UL Soath Midland . . 

lY. Eastern 

V. South Western . . 

VL West Bfidland . . 

VU. North Midland . . 

VUl. North Western . . 

IX. York 


3 
II 

H 

12 

31 

19 

20 

^3 
>5 

H 


I 

9 
II 

16 

6 

'9 
26 

13 
22 

7 
9 


8 

29 
as 
H 
12 

»9 

27 

19 

^9 
16 


128 
7*oo 

I2'27 

«377 

7-32 

H'97 

j6-8i 

8-13 

13-35 
i5'62 

12-38 


•33 
448 

8-03 

n-55 

3-23 

7*35 
19-29 

4-11 

9.97 

5-46 
6-62 


2-28 

12*54 

1654 

10-97 

6-41 

IO-I2 
17-85 
7-80 
11*04 
10-61 

879 


1-30 

8 '04 

12*28 

12*73 

5*58 
10-67 

18-02 

6-63 

11-39 

10*38 

9*12 


X. Northern 

XL Welsh 



From these numbers it appears that the deaths in the country generally 
in 1852-60 were 10*50 in ten millions living, these foil to 6*50 in 
1861-70, and rose again in 1871-80 to 9-54, the mean for the whole 
period being 8*79. A corresponding fluctuation is found in five of the 
eleven divisions, though in these the rates for 1852-60 are higher than that 
for 1871-80 in some instances, and in others the contrary. 

The exceptional cases are the IV. division, embracing the counties of 
Essex, Suflfolk, and Norfolk, in which the rate in 1861-70 was about the 
same as that in the preceding period, followed by a considerable fall in 
1871-80, and the Vn. division, containing the counties of Leicester, Rutland, 
Lincoln, Nottingham, and Derby, in which the ratio in 1861-70 was con- 
aiderably higher than in either the preceding or following period. From the 
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r very materially from this. The greatest number of deaths among the 
^aoalea in the Table was from 25 to 86, bnt as the age periods before 25 
^smbrace five years only, the deaths mider each ro(iiiiro to be doubled to 
arender them comparable with those that follow ; making this correction, the 
^eatha from 10 to 16 would have amoonted to 92, from 15 to 20 to Hi, 
^uid from 20 to 26 to 92, showing that in general terms males between 15 
stud 90 years of age were exposed to most risk. 

As etated above, there were 546 deaths from lightning in England and 
"Wales from 1852 to 1880. Of these there were in 1662 46 deaths, in 16S3 
:3.0, 1864 17, 1B66 17, and in 1866 14, 108 in all, which were not referred to 
-Uie different months in the Betoms. From 1857 to 1B80 the dates of oc- 
^oirenee were given, and the deatliB are shown in each month for each year 
mJi the following Table G : — 

TABLE C. 



Yew. 


1 


£ 


1 


1 


i? 
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1 


i 


J 


1 


J 


1 


1 


as 


;!;j 
\iii 








'■ 


5 
J 


4 

1 


4 

1 

4 


6 






■; 


16 


Smn .... 








. 


10 


17 


iS 


» 








" 


73 


iS6i 

1S62 

186+ 

■ 16, 
1870 








i 


■4- 
4- 


i 
'3 
3 


9 
3 

1 

5 


i 










16 
i 

18 
17 

7 
19 


Sum .... 






3 


10 


3S 


35 


11 








. 


'39 


.8,, 

'!" 
■i„ 
.;„ 




'■'■ 




;> 


3 

.; 

3 


,1 
3 

G 
8 

6 


'5 
9 

4 
3 


i 

s 
s 
s 

4 

3 

'7 

s 








46 

»s 

"7 
"9 

»4 
'S 

14 


Sam .... 


. 


■■ 




6 


16 


is 


61 


i9 




■ 




13' 


Totals .. 


. 






:o 


46 


.^7 


'H 


93 


3^ 




. 


3 


443 


Per Cent. 


■> 






.ix 


,o-i 


18-7 


i;-7 


z,-c 


67 


3-0 


■ 


■7 


,o..o 



Taking the 
most frequent 



whole period deaths occurred in every month, but they were 
in June and Joly, and somewhat less so in Angnst, — in these 
, — yoL. S.V. u 
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three months 75*5 per cent, of the whole took place ; in 1872, even wlieD 
there were 46 killed by this cause, 80 of them were m these three montliSi 
and 7 only in April, May, and September. 

The space over which deaths from lightning are found on the same, oi 
successive days, is often very great; in June 1871, for instance, there were 
nine from the 19th to the 21st inclusive, in July six on the 5th, and i£ 
August four on the 18th. These were distributed as under : — 



Date. 


DiviBion. 


County. 


Place of Death. 


June 19th 


VI. 


Stafford 


Wolverhampton 


f) 


vn. 


Ijincoln 


Bourne 


ff 


vn. 


Do. 


Louth 


June 20th 


n. 


Kent 


Bomney 


»> 


n. 


Sussex 


Lewes 


t» 


11. 


Hants 


Winchester 


if 


V. 


Wilts 


Cricklade 


»> 


vm. 


Lancaster 


Wigan 


June 21st 


viu. 


Do. 


Haslingden 


July 5th 


n. 


Kent 


Hoo 


»• 


m. 


Buckingham 


Newport Pagnell 


f) 


m. 


Do. 


Do. 


»» 


m. 


Northampton 


Potterspring 


»> 


IV. 


Norfolk 


Loddon 


»> 


IX. 


York, North Biding 


Whitby 


Aug. 18th 


vu. 


Derby 


Bakewell 


»» 


vm. 


Lancaster 


Ashton-under-Lyne 


»> 


TX. 


York, West Bidmg 


Ecclesall Bierlou 


tf 


X. 


Durham 


Auckland 



Again, on June 18th, 1872, there were eleven deaths from this caus^ 
distributed as follow : — 



Date. 


Division. 


County. 


Place of Deaths 


June 18th 


VI. 


Hereford 


Kington 




VI. 


Shropshire 


Whitchurch 




VI. 


Stafford 


WalsaU 




VI. 


Do. 


Do. 




vn. 


Nottingham 


Badford 




IX. 


York, West Bidmg 


Todmorden 




IX. 


Do. 


Halifax 




IX. 


Do. 


Tadcaster 




X. 


Northumberland 


Newcastle-on-Tytie 


ii 


X. 


Do. 


Tynemouth 


19 


X. 


Westmoreland 


Kendal 



From 1857 to 1880 there were twenty-one instances of two persouB 
being killed by lightning in the same sub-district on the same day, and two 
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iiwtoneofl in whioh there were three, these 48 deaths amount to 10*8 per 
oeni. on the 448 recorded in these 24 years. There was no such occurrence 
in the years 1858, 1860, 1862, 1868, 1864, 1865, 1870, 1877, 1878. 
There were sin^e instances in 1866, 1867, 1868, 1871, 1872, 1874, 1879. 
Ibarewere two instances in each of the years 1857, 1859, 1861, 1869, 
1878, 1875, 1876, 1880. As to locality, there was none in the Registrar- 
General's L diyision, one each in the m., lY., Y. and XI. divisions, two 
m tlie IX., three each in YI., Yin. and X. divisions, and four each in the 
n. and Vn. divisions. The frequency of these multiple deaths did not, as a 
rule, fall on years when the deaths in the country at large were most 
immeroafl. 

The deaths from lightning are not given separately in the returns of the 
Begistrars-General for Scotland and Ireland, so no information on the subject 
18 available for these countries. 



DISCUSSION. 

Mr. Sthons said he was glad that Dr. Lawson had adopted the hint he had 
Jirown out in his paper on English Thunderstorms. He had stated in his paper 
in the thunderstorms of 1857-9, when speaking on the accidents caused by 
ightning, that possibly the figures he haa obtained were not one-fourth of the 
kctual number, and Dr. Lawson*s Tables bore out this assertion, for the actual 
Leatha in these vears were 18, 26 and 17 respectively, while the instances of 
Leaths given in his paper were 5, 7 and 8. It was curious that the smallest 
lumber of deaths occurred in the Metropolitan District, especially when the 
Lensity of its population was considered. M. Flammarion had pointed out that 
a the case of Paris the absence of deaths from lightning was very remarkable^ 
jid he had explained it by the fact that the number of lightning conductors 
attached to the churches and various large buildings in that city served to carry 
iff the electric discharge, and so cases of deaths from lightning strokes were 
rery rare. Possibly a similar explanation was applicable in the case of our own 
aetropolis. 

Mr. Wiuson thought that the electricity might be diffused in large towns by 
rariouB agencies available for silentlv carrying it off, such as lamp posts, metal 
>ipe8, and even, perhaps, by tall buildings, though not protectea by lightning 
inductors. 

I>r. Tripe said that the fact of the great excess of deaths of males as com- 
>ared with females was due to the former being more engaged in field labour 
ind outdoor occupations. He believed more deaths were caused by what are 
•ailed upward stroKes than by direct downward Lightning flashes. 

Mr. Lbckt was glad to hear Dr. Tripe allude to upward currents, for he be- 
iered the major portion of accidents arose from such, and that these and other 
iiamptions were very much occasioned by the intense heat instantaneously en- 
gendered by the electrical resistance of the conductors through which the 
earrents passed. A flash of lightning was really the result of atmospheric 
reaifltance, and he was of opinion that lightning was purely an effect, not a 
cause. 

Ci^t. liACLEAR said it would be interesting to obtain the proportion of de- 
ttmctire storms to the total number of thunderstorms experienced. At Cran- 
leigh, 9 miles south-east of Guildford, where he Uved, thunderstorms were of 
very rare occurrence, but damage was very frequently done when they did 
occur. He then described the experience of two platelayers in a thunderstorm 
which took place at Cranleigh oil April 9th. 

Mr. BuciiAN referred to the number of cattle frequently killed by liglitning, 
and suggested that the congregating and huddling together of the animals when 
a thunderstorm was in progress caused a great ascension of heated moist air, 
which served to conduct the lightning to the cattle. He thought that the Royal 
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Agricultural Society mi <jht be able to render valuable assiBtance in collecting 
statistics of tlie number of animals, &c. killed by lightning. He then made Bome 
remarks concerning the winter thunderstorms experienced in the North and 
North-west of Scotland. 

Dr. Lawbon, in reply, said that he had simply given facts, and had made no 
attempt to draw deauotions, excepting Ruch as were indicated plainly by the 
figures themselves. As to the influence of buildings in lessening the risks from 
lightning, alluded to by one speaker, he mentioned that on one occasion, daring a 
tornado at niglit, the ofTicors' barrack at Sierra Leone, a two-storied building on 
Tower Hill, an isolated liei^ht 400 feet above the sea, was struck by lightning, 
the report resembling an irregular discharge of musketry. He was in bed at 
the time, but quite awake, and thougli tliere was a closed verandah outside the 
room, which excluded the light from the ordinary flashes of lightning ^oin^ on 
around, vet in this instance it was brightly illuminated, and every thing m it 
was visible. The bulMing had lead along the ridge and down the hips of the 
roof in the usual manner ; this was in connection with the waterways and eaves 
gutters, and iron pipes led from these to the ground ; there was also an iron 
Framework of joists and pillars, supporting the verandah all round the building. 
No one was liurt, and tlicre was no trace of injury to the building, thongh there 
was no regular liglitning conductor iitted to it. A similar metallic communica- 
tion from tlie ridge to tlie ground would no doubt preserve other buildings from 
injury by lightning, though they had no special appliance fitted for its dlMharge. 
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i Received December 29th, 1888.— Read April 17th, 1889.] 

Before commoncing this paper I wish to tender my thanks to all theses 
friends who have helped me in this work, and in particular to the Meteoro — 
logical Council, tho Astronomer-Royal, Mr. Hartnnp, Mr. Seott, Mr. Ellis 
Mr. Baldwin Latham, Mr. Symons, Mr. Eaton and Mr. Marriott, bat to the^ 
two last especially. 
There are extant eleven hourly records of the barometer during the lastr 




1876-80, viz. 1st, the records of the seven ObservatorieB in oonnectioiE^ 
with the Meteorological Office : — Valencia and Armagh in Ireland ; Glasgo 
and Aberdeen in Scotland ; and Falmouth, Stonyhurst, and Eew in TCng^nil 
2nd, the record of tho Royal Observatory, Greenwich ; Brd, the record of th< 
Liverpool Observatory at Bidston ; and 4th, two untabnlated reeords, 
belonging to Messrs. Davis and Son, opticians, Derby, which is oomp! 
from April 10th, 1876, and tho other belonging to the Midland Institai 
Birmingham, which is complete with the exception of the last five man' 
of 1879. 

Tho Radcliffc Observatory at Oxford had a barograph, the records of whi 
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began in 1855, bat from 1876-79 inclnsivo the records were too defectivo 
and ineomplete to be worth tabulating, and in 1880 the old barograph was 
replaced by one lent by the Meteorological Office. 

This paper deals with the whole of the tabulated records mentioned, and 
with respect to these a few words seem desirable. 

Ist. The hourly records of the seven observatories are tabulated and 
printed, bat with the exception of the years included in this paper the 
hoorly means have not yet been calculated. I have, however, lately had 
the great pleasure of learning that the Meteorological Council have undertaken 
to eompate the hourly means of these records, which will greatly enhance 
their valne and make them generally available. They extend in a complete 
form firom 1870-88, a period of 14 years. At the end of 1888 the Council 
disoontinaed the observatories of Armagh, Glasgow, and Stonyhurst, but 
have kept on the remaining four to the present time. 

Sod. The hourly records of the barometer at the Royal Observatory, 
Oreenwich, extend firom 1854 to the present time, but there is a gap in the 
tabulations between 1874-76, which is now being supplied, and with reference 
"ho this I should like to add my testimony to the public spirit displayed by 
%he Observatory Authorities, for when application was made for the tabula- 
%ioii8 of 1876 1 was told of the existence of this gap, but on representing 
^hat it would be a great pity if the barometer records were not included in this 
9ai>er, I was informed that the tabulations in question formed part of a 
larger work which had been resolved upon, and the barometer records of 
11876 would be done first. 

8rd. The hourly records of the Liverpool Observatory at Bidston extend 

:ftom 1866 to the present time, and are duly tabulated and the hourly moans 

"worked out; they are not, however, entirely comparable with the other 

records mentioned, owing to the barograph being set to sea-level. I am 

indebted to Mr. Hartnup for being enabled to include these reductions. 

With respect to the barographs used at the different stations, a photographic 
iMurograph, of the pattern adopted by the Meteorological Office, is used at the 
seven observatories, a photographic siphon barograph at Greenwich, and a 
Eing*8 Mechanical Barograph at Bidston. The barographs are compared with 
standard barometers and corrected for temperature at tUl the observatories 
except at Bidston, where the instrument is also sot to sea-level. 

With respect to the reductions of the hourly records, Mr. Eaton had in 
1878 done the year 1876 for each of the seven observatories, and the 
remaining four years have been done by myself, with, as regards the year 
1877» some slight assistance from the papers of the late Mr. Charles Greaves, 
lAneh have been kindly placed in my hands by Mr. Baldwin Latham. 
Deficient observations have been provided for by interpolation, Mr. Eaton's 
figures being adopted for the year 1876 and the Meteorological Office figures 
for the remaining four years. These tabulations begin at 1 a.m. and end at 
midnight. 

With respect to (h'eenwich, the reductions have been done at the Obser- 
vatory and deficient observations supplied, the smaller interpolations being 
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made at the Observatory, and two larger ones, comprising many oonsecotiTe 
days by myself, from the hourly readings of Eew Observatory, corrected by 
the eye readings made four times a day at Ghreenwich Observatory. The 
tabulations begin at midnight and end at 11 p.m. ; and, in order to make them 
comparable, the midnight p.m. has been kindly calculated £or me at the 
Observatory. 

With respect to Bidston, the reductions have been done at the Obaervaioiy, 
and deficient observations there supplied. The tabulations begin at mid- 
night and end at 11 p.m. ; and, in order to make them comparable, the 
figures for the midnight p.m. have been kindly supplied to me by Mr. 
Bartnup, and I have reduced them. 

Ghreenwich mean time is used at all the Observatories. 

Tables 1-9 give the average hourly monthly readings of the barometer at 
each Observatory for the lustrum 1876-80. 

The actual tables on which the results in Tables 1-9 are based will be 
printed in extenso by the Meteorological Council, and published by them as an 
Appendix to the Quarterly Weather Report for 1880 ; and I must here expreea 
my sincere thanks to that body for their kindness in so doing. In the tables 
printed by the Meteorological Council the 26th hour, viz. 1 a.m. alter mid- 
night, has in all cases been added. This has been done in order to complete 
the daily period, and has been calculated by excluding the 1 a.m. observation 
for the 1st of the month and including that of the 1st of the fdlowing month ; 
as,for instance, for January, itwould be obtainedfrom the 81 observations com- 
mencing with 1 a.m. on January 2nd and ending with 1 a.m. cm February Ist. 

For Greenwich the 1 a.m., after midnight, was calculated for me at the 
Observatory, whilst for Bidston the necessary data were supplied to me. In 
the tables printed by the Meteorological Council the first 12 for each place 
give the mean hourly reading of the barometer for every month, first for " 
each year of the lustrum and then for the five years combined ; the next one 
gives the mean hourly reading for each year and also for the whole period — 
and the final one exhibits for each month the diurnal range of the barometer 
or the difference between the mean for the day and the means for each hauar 
as given in the last column of the first 12 tables. For the purpose of this" 
final table, which has been calculated by the Meteorological Office, the means 
as given in the last columns of the first 12 tables have been corrected for the 
non-periodic change, which is shown by the differences between the means fot 
the terminal hours of the days (the two 1 a.m. means) to have taken place 
during the interval. The differences, which are commonly large enou^ to 
cause considerable irregularities in the diurnal curve, have bean dealt with 
thus : — calling the difference between the initial and terminal readings <l, the 
following corrections have been applied to the daily series : — 

a.m. 12 8 Noon 1 p.m. 2 pjn. 11 pjn. midnt. 1 a.m. 

12 11 10 1 1 10 11 12 

±d ±d ±d ... ±d ±d ... ±d ±d ±d, 
24 24 24 24 24 24 24 24 

the correction being added during the first half of the day and subtraeied 
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Coring the latter half if the initial mean value be lower than the final, and 
-^fiee vend. To the mean for the whole day a correction has been applied to 
xiake it the mean for the 25 hours. The values given in these tables of 
dafly range are also exhibited in the series of diagrams accompanying this 
paper (Plates n.-X«). 

In the following pages I propose to give a short description of each Obser- 
Tatovy, which with regard to the seven observatories has in the main been 
laken from Tol. n. of the Quarterly Weather Report, and with respect to 
Greenwich and Bidston has been drawn up by myself and revised by Mr. 
Sllis and Mr. Hartnup respectively ; to indicate shortly the prevailing wind 
or winds, for which purpose certain wind records have been investigated ; 
and to point out any peculiarities in the diurnal barometric range in the 
accompanying diagrams (Plates 11. to X.). 

Valencia. 

This Observatory is situate in lat. 51"^ 56' N and long. 10° 18' W on the 
extreme western coast of Ireland, close to the shore of the sound, about three 
miles from the open sea. There are hills to the South and Bouth-east of 
the hei^t of from 1,000 to 1,200 ft. about three miles distant, and a hiU to 
the North-west of the height of 700 ft. about three-quarters of a mile away. 
Hie barograph is placed in the same room with the standard barometer, the 
cistern of which is 28 ft. above mean sea-level. The prevailing wind is 
Westerly, but South-easterly, Southerly, South-westerly, and North-westerly 
winds are also very prevalent. 

The monthly and yearly curves of diurnal range are very largely influenced 
by the numerous cyclones which come in from the Atlantic. The third small 
iP ftTimnw in the winter months, mentioned by Mens. Rykatchew, is shown 
at 8 a.m. in January and December, and some slight symptoms of it also 
appear in the month of February. The morning minimum, which varies in 
time according to the rising of the sun, is much more pronounced than the 
afternoon minimum, which sometimes seems almost to vanish, as in the June 
curve. The evening maximum, about 10 p.m., is more pronounced and of 
greater amplitude than the morning one during the spring and summer in 
March, April, itfay, June, July and August. In the yearly curve the evening 
mft^mnm ig morc pronouncod than the morning one, and the morning mini« 

mum than the afternoon one. 

AaiiAOH. 

This Observatory is situate in lat. 54"" 21' N and long. 6^ 89' W, on 
riBing ground close to the town of Armagh, in the centre of an ordinary 
gtfdan and pleasure ground containing trees and shrubs of moderate size. 
The country round is undulating and very fairly wooded, which has the effect 
of greatly retarding the movement of the air, calms being very frequent. 
The barograph is in the same room as the standard barometer, the cistern 
of which is 207 ft. above mean sea-level. The prevailing wind is South- 
westerly. 

The monthly and yearly curves of diurnal range appear to be very largely 
jjiflaenced by the great number of calms prevalent here, for they have a 
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smoothness which is in striking contrast to the Valencia curves. The thii 
small maximum in the winter months appears here ahont 8 a.m. in Jannai 
and December. Attention may also be called to the fact that there appea 
to be an indication of a small maximnm about 8 p.m. in June and July, ai 
that symptoms of it appear in May, August and September. The aftemoc 
minimum is more pronounced than the morning one in March, April, Ma; 
November, and December, whilst in the other months the morning minlmu: 
is more prominent. The evening maximum is of greater amplitude than tl 
morning one in April, May, June, July, August, and October, whilst ti 
morning one is greater in the remaining months. In the yearly curve ti 
morning maximum is greater than the afternoon one. 

Glasgow. 

This Observatory is situate in lat. 55"" 58' N and long. 4"" 18' W, ( 
slightly rising ground on the West side of the town. It occupies a cenir 
position in the valley of the Clyde, which is here about 16 miles in breadtl 
The bounding hills to the North are about 800 fb. in height, and to the Soul 
about 400 ft., but beyond these respectively are higher ranges of over 1,100 i 
elevation. The barograph is in the same room as the standard baromete 
the cistern of which is 184 ft. above mean sea-level. The prevailing wind 
South-westerly, but Westerly and North-Westerly winds are also very ft 
quent. 

The monthly and yearly curves of diurnal range are very peculiar, and 
would seem that the irregularities are to a certain extent due to the positic 
of the Observatory. Attention is drawn to the snake-like appearance of tl 
curve in February, July, October, November, and December, a peculiarity 1 
some extent reproduced in the yearly curve. The small morning maximu 
is shown in the January curve at 8 a.m., and there are slight symptoms of 
at 2 a.m. in February, November, and December. The afternoon minlmu 
is of greater amplitude than the morning one during March, April, Ma; 
June, July, August, October, and December, and in the yearly curve. Tl 
evening maximum, unlike that of the Irish Observatories, is not nearly f 
prominent, being only greater than the morning maximnm during March, Ma; 
June, July, and August. 

Abebdeen. 

This Observatory is situate in lat. 5T 10' N and long. 2° 6' W, at King 
College in Old Aberdeen, on a plain gradually rising from the sea, from whic 
it is distant about a mile. The ground rises gradually on the North to aboi 
800 ft., and on the West and South-west to about 800 ft. There are i 
irregularities in the vicinity except the two river valleys of the Dee ai 
the Don, which, though not of much importance, necessarily to some extei 
influence the direction of the wind. The ground immediately about tl 
buildings is 4G ft. above mean sea-level. The barograph is placed in tl 
same room as the standard barometer, the cistern of which is 89 ft. aboi 
mean sea-level. The prevailing wind is South-westerly, but North-wester] 
winds are very frequent. 
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The monthly and yearly carves of diurnal range are fairly smooth, bat the 

znost striking feature is their very small amplitude except in January and 

September. Attention is directed to the flatness of the curves in May, 

Jane, July, and August. The early morning maximum in winter is slightly 

seen at 2 a.m. in the November and December curves. The morning maxi- 

mom is most prominent in January, October, November and December, whilst 

tihe afternoon one is more pronounced in the curves of the remaining months 

and in the yearly curves. The morning minimum is more pronounced in 

the January, February, April, May, June, August, September, November, 

[December and yearly curves, whilst the afternoon one is more prominent in 

the curves of the remaining months. 

Falmouth. 

This Observatory was situate in lat. 5(f 9' N and long. 5° 4' W, at the 
South-east comer of the Bowling-green on the top of one of the hills on 
^vhioh the town is built.^ There is a range of hills on the West side of the 
'town at a distance of about 6 miles about 550 ft. in height. The barograph 
MB placed in the same room as the standard barometer, the cistern of 
-which is 211 ft. above mean sea-level. The prevailing winds are South- 
-westerly, Westerly, and North-westerly. 

The monthly and yearly curves of diurnal range are here fairly smooth. 

attention maybe drawn to the remarkable flattening of the curve in the 

months of June, July and August at noon and 1 p.m. There is also a very 

^^ecnliar slackening in the rise of the morning maximum at 9 a.m., which 

arnns through the four months from May to August inclusive. In the month 

<}f Jtme the afternoon minimum nearly disappears as at Valencia. The early 

joaarmag maiimum in winter is slightly seen at 8 a.m. in December uud 

January. The evening maximum is more pronounced than the morning one 

in April, June and July, and also slightly so in August. Throughout the 

^whole of the curves, with the single exception of the November curve, the 

monmig TniTn'mnm ig of greater amphtude than the afternoon one. 

Stonthubst. 

This Observatory is situate in lat. 68° 51' N and long. 2° 28' W, in the 
centre of the garden of Stonyhurst College, near Whalloy. It stands on a 
gentle slope fsicuxg South-south-east, not far from the river Hodder, and the 
coontiy round, including the College grounds, is wooded, but not very thickly 
so, and the trees in general are small. There are some hills of considerable 
hei^t not far distant, viz. Longridge Fell on the North-west of the height 
of about 1,000 ft. about 2} miles distant; Easington Fell on the North of 
the height of 1,800 ft. about 7 miles away ; and Pendle Hill on the East of 
1,800 ft. about 6} miles o£f. The barograph is placed in a different room 
from the standard barometer, the cistern of which is 861 ft. above mean sea 
level. The prevailing winds are South-westerly and Westerly, but North- 
easterly ones are also very frequent. 

> A new Observatory was built in the year 1885. 



162 BATABD— DIUBMAL BANGS OF BABOMSTBB Dl OBBAT BSRAUT AND ZBELAXD. 

With respect to the monthly and yearly cnnres of diurnal range attention 
may be directed to the peculiar oscillations in the June, Jnly and Angost 
curves. An obvious slackening in the rise of the morning Tn«tTimnnn between 
8 and a.m. runs through all the curves with the exception of those for May 
and September. Symptoms of the early morning maximum in the winter 
months occur in the January, November and December curves at 8 a.m., bat 
they are not well marked. Attention may also be directed to the greater 
amplitude of the evening maximum over the morning one in the cnrves for the 
warm season, April, May, June, July, August and September ; and abo to 
tlic very peculiar slackening between 11 p.m. and midni|^t in the descent of 
this evening maximum in the curves for January, February, March, Joly, 
August, October, November and December. The afternoon minimnm is of 
greater amplitude than the morning one in February, March, April, May, 
June, and October. 

Eew. 

This Observatory is situate in Ut. 6V 2B' N and long. CP 10' W, in the 
Old Deer Park at Richmond, Surrey. Its position in the Thames Valley is 
on the whole a good and open one, though there is a row of trees about 160 
yards o£f on the West side, and the country round is fiiirly wooded. The 
barograph is placed in a different room from the standard barometer, the 
cistern of which is 84 fb. above mean sea-level. The prevailing wind is 
South-westerly. 

The monthly and yearly curves of diurnal range deserve partieolar notice,r 
because of* the very great amplitude of the afternoon minimnm in January. 
March, April, May, Juno, July, August, October, and Deoember, and. 
indeed, throughout the whole set of curves the morning minimum is small 
compared with the afternoon one. The early morning maximum in 
winter months is very clearly shown in the January curve at 2 a.m., am 
traces of it appear in the February and December curves. The evi 
maximum is more pronounced in April, May, June, July and Angost, 
the morning one. Altogether the curves of this observatory present a muoft:? 
smoother appearance than those of any other observatory previously mect- 
tioned. 

Gbesnwigh. 

The Magnetical and Meteorological Department of the Boyal Observatory 
is situate in lat. 61° 20' N and long. 0° 0' on the rising ground in Greenwioh 
Park, in the County of Kent, about 170 ft. South-south-east from the nearest 
point of the South-east Dome of the Astronomical Observatory. Ihe 
standard barometer, by Newman, is fixed on the Southern wall of the Upper 
Magnet room ; the diameter of its tube is 0*666 in. and its cistern is 169 ft. 
above mean soa-levol. The barograph is fixed to the North wall of the 
Magnetic basement, which is below the Upper Magnet room. The varia- 
tion in temperature in the Magnetic basement is very small, and in no 
sensible degree affects the results obtained from the barograph in the manner 
in which the sheets are treated. The variation in temperature in the Upper 
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room ifl that of an ordinary indoor apartment, and the readings of 
-flsihe standard barometer are of conrse corrected for temperature before com- 
'fcination with the photographic ordinates for the determination of the value 
^3f the photographic base line. An elaborate comparison made by Mr. 
"Whipple in 1877 showed that the readings of the Greenwich and Kew 
barometers agreed within '001 in. Further particulars in regard 
the Greenwich barometers will be found in the Introductions to the several 
"irolumes of the Greenwich Magnetical and Meteorological Ohservatiom, The 
jpreTailing wind at the observatory, on the average of the five years, is South- 
"veBterly. 

The monthly and yearly curves of diurnal range, though of the same 
^gjonsml oharacter as those of Eew, distant only about 10 miles, exhibit 
^Dertain peculiarities which it is well to note. The early morning maximum 
the whiter months is weU shown in the January curve at 2 a.m., and there 
traces of it in the February, November and December curves. Attention 
kj be called to the sudden rise in the afternoon maximum in January between 
^ and 7 p.m., and the flatness of the morning maximum between 10 and 11 
«i.m. in January, March and November, and 9 and 10 a.m. in April, June, and 
September. In other respects the Eew and Greenwich curves are very much 
«dike, except that the Greenwich ones are slightly smoother than the Row 
<mes, and m the yearly curve the afternoon minininni does not seem quite so 
^pronounced as at Eew. 

BmsTON. 
The Liverpool Observatory is situate in lat. 58^ 24' 4" N and long. 
go 4» 27" W, upon the summit of Bidston Hill near Birkenhead, 200 ft. 
above mean sea-level. The building is on the North side of the hill, and the 
ground gradually recedes from the site in every direction with the exception 
of a few degrees between South and South-east, whore it is nearly of the same 
elevation -for the distance of two or three miles. The barograph and the 
standard barometer are placed in the chronometer-room on the ground floor, 
the cistern of the standard being 197 ft. above mean sea-level. The pre- 
vailing wind is Westerly. 

The monthly and yearly curves of diurnal range are somewhat like those of 
Valencia. Some of the peculiarities are doubtless due to the reduction to 
sea-level. The early morning maximum in the winter months is shown at 
8 a.m. in the December curve. The flatness of the curve in June and July, 
and the flatness of the morning maximum in July and August, are noticeable. 
In the yearly curve the afternoon minimum is more pronounced than the 
morning one. The afternoon maximum is of greater amplitude than the 
morning one in the warmer season, April, May, June, July, August, and 
September, and in the latter month the sudden rise of the aftornoon maxi- 
mum is noticeable. Attention may also bo drawn to the flatness of the 
afternoon maximum in January, February, March, May, Jnue, November, 
and December. The curves, in conclusion, present an appearance of smooth- 
nesSy which one would rather have looked for in those of Eew and Greenwich 
than at the more westerly station of Bidston. 
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The general conclnsions to be drawn from tlie preceding remarks and from 
be tables and diagrams accompanying this paper are that : — 

Ist. Diurnal Range tables of the barometer drawn up from observations 
lade at a single place are practically of no use for any other locality, except 
erhaps a place within a radius of a few miles from the spot where the obscr- 
itions are made : for it will be found that as a rule (a) the curves of inland 
laces are smoother than those of places on the sea coast ; (b) the curves of 
aoes to the westward are more irregular than those of places more to the 
»tward ; and (c) as we go from South-east to North-west the general 
ndeney of the curve is to get flatter with a lessened diurnal range. 

2nd. The third small maximum in the winter months between 2 a.m. and 
a.m. tends to disappear as we proceed northward, thereby confirming 
ions. Rykatohew*s researches. 

I have placed in the Society's Library the original working sheets and 
iagrams from which this paper and the accompanying tables have been com- 
Jed, in the hope that they may eventually prove to be of some slight 
isistance to any one engaged in discussions of a similar nature. 



DISCUSSION. 

Mr. BuCHAN, after complimenting the author on the q^uality of his work, said 
at to secure really good averages of the diurnal variation of the barometer it 
as necessaiy to have a series of observations which extended for about 
t years, or two periods of sunspots. He would have preferred to sec the 
ly divided in a different manner. It would have been much better to have had 
ro midnights rather than two 1 a.m.*s. He then went on to explain the reason 
- the difference between the Greenwich and Kew results, attriouting it to the 
ct that the former was situated on a hill, while the latter was in a v^ey. 
Mr. Wilson drew attention to the flatness of the summer curves, as compared 
ith the winter curves. 

Mr. EIaton observed that at Pekin during the winter the prevalent North- 
esterly winds were very dry, blowing outwards from the land under the 
flaence of the great accumulation of air over Central Asia ; and at that time 
: year the afternoon depression was greater than that of the early morning. 
at the reverse obtainea in the summer, when low barometric readings were 
tablished over that continent. The Southerly and South-easterly winds which 
ten swept over Pekin from the sea were moist, and the type of curve of diurnal 
mge of pressure approached that which was found at Valencia and Falmouth. 
his favoured the view that aqueous vapour was an important factor in deter- 
ining the form of curve of diurnal variation of pressure. 
Mr. Bayard, in repljr, said that the snake-like appearance of the Glasgow 
xrves was no doubt entirely due to the situation of the Observatory, which was 
irronnded by high hills. 



( 
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NOTE ON A WORKING MODEL OF THE GULF STREA 

By a. W. CLAYDEN, M.A., P.R.Met.Soc., F.a.S. 



[BeoeiTed Maioh Isi— Bead April 17th, 1889.] 

Thb apparaias whioh I have the hononr of bringing before the Roj^ Mei^ 
rological Society has been constmoted in order to illustrate the formation 
ocean currents in general and of the Gulf Stream in particular. 

It consists essentially of a shallow wooden tray, about an inch and a quarts 
in depth. Upon the flat bottom of this are secured a number of pieces 4 
wood or metal, cut to represent the land and raised to a height of about fiT< 
eighths of an inch above the base. These form land surfaces, and the boc^ 
of the tray, which represents the sea, is coloured deep blue. 

We have thus a shallow vessel shaped like the map of the Atlantic upon 
Mercator's Projection, a form which was adopted because it is that upon 
which charts of the winds and ocean cnrrents are usually drawn. The area 
represented extends from lat. 45° S to lat. 75° N, and from long. 100° W to 
long. 85° E ; its actual measurements being 14^ ins. from East to West aiid 
16i ins. from North to South. 

Two boxes or wind chests connected with a T piece are fixed below the 
tray, and a number of tubes are introduced from above, the holes being 
drilled through the wooden continents and tray into the boxes. The kind oi 
tubing used is soft metal gas tubing of the smallest size made. This can be 
very easily bent and adjusted, but possesses sufficient rigidity to keep in its 
proper place. The tubes are bent over where they emerge from the land 
surfaces, and are so directed as to produce a stream of air circulating ovei 
the model ocean as nearly as possible in imitation of the actual circulatiaQ ol 
the winds over the real Atlantic. Of course the resemblance cannot be 
perfect, as an exact reproduction would necessitate so many tubes as to hide 
the ocean whose movements we wish to study. 

The Trades are represented by eleven tubes ; five for the Southern Trades 
five for the Northern Trades over the main ocean, and one for the Noiriher^ 
Trade in the Bay of Campeachy. An inspection of the air jets shows thai 
the circulation is approximately correct. 

The Anti-trades are in each case represented by three tubes, and there ii 
one other to produce the Northerly wind prevalent on the coast of Labradoi 
during winter. 

If now the model ocean be filled with water, and the surface of the liquid ii 
rendered visible by scattering over it a small quantity of Lycopodium powdei 
or cork dust, we shall be able to detect the slightest movement. 

On turning on a fairly steady blast of air a circulation at once begins 
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Sketeh of Working Model ot the Qnll Streun. 



*md in ft few moments the whole anrlace of the model ocean is in moTement. 
Tmbeee are the two great Equatorial omrreuta, with the return stream between 
Viem which hogs the African coast into the Onlf of Guinea. When the 
Soath Equatorial impinges on Gape 8. Boqae it divides, prodnoing the Brazil 
current to the Sonth, vhile the other portion joins the North Equatorial. 
Part of this eombined current passes outside the West Indies, but a great 
deal goes on into the Gnlf of Mexico. A return swirl may be noted by 
HoBqnito Bay and the Isthmus of Panama. 

Afl Hie etrAam sweeps through the Yucatan Channel it is picked up by the 
Northerly wind and urged southwaids into Campeachy Bay. It then makes 
the eireuit of the Onlf of Mexico, streaming oat through the Florida Channel 
and following a course much like that of Qie real Onlf Stream. 

The tropieal waters are brought nndorthe influence of the Anti-trades, and 
carried by them up to the coast of Norway. 

The urging of so much water towards the north canses a return flow 
down the eoast of Oreenland and down Davis Btrait, while the Northerly 
wind on the eoast of Labrador sets np the return current which flows north* 
wards along the west coast of Oreenland. 

Owing to the shallownesa of the tray there could not be any considerable 
undereurrent equivalent to a slow set of the cold polar waters southward, and 
tha aeeumulalion of water in the parts ropiesentjng the Arctic Ocean became 
n great that the whole working of the model was disturbed. But the construc- 
tion of a free commonication between the top and bottom of the tray, round 
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behind the block of wood which represents America, completely onred this 
defect. 

A part of Central America from Panama to Vera Cmz is moveable in the 
model, and if this is taken ont it is seen that a large part of the water from 
the Equatorial currents passes on into the Pacific. The Qulf Stream is greatly 
lessened, and the water urged to the western shores of Europe is that which 
has just come down from the Arctic Ocean by the Ghreenland coasts. 

However, I do not imagine that the apparatus in its present condition will 
be of any value as an instrument of research. I have brought it before the 
Fellows of this Society in the belief that it will be found useful in the explana- 
tion of the phenomena it represents, whether that explanation be offered to 
children at school or to students of riper years. 



Tenth Aannal EiUbition of Instruments, 

PRnCIPILLT iCTnOMETERS iHD SOUR RiDIiTIOl iPPIRATOS, 

Held, by permission of the Council of the Institution of Civil Engineers, at 

26 Great George Street, Westminster, S.W., 

MABGH 19th to 22nd, 1889. 



ACTINOHETEBS. 

1. Herschers Addnometeri for ascertaining the absolute heating effect of the 

solar rays, in which time is considered one of the elements of observa- 
tion. The actinometer consists of a large cylindrical thermometer 
bulb, with a special open scale, so that mmute changes may be 
easily seen. The bulb is of transparent glass filled with a deep blue 
liquid, which is expanded when the rays of the sun fall on the bulb. 
When taking an oDservation, the actinometer is shaded for one minute 
and read off ; it is then exposed for one minute to sunshine, and its 
indication recorded ; it is finally shaded again, and its reading again 
noted. The mean of the two readings in the shade, subtracted from that 
in the sun, indicates the expansion of the liquid produced by the 8un> 
rays in one minute of time. Exhibited by The Eew Coboutteb. 

2. Hodgkin80n*8 AiCtinometer. This instnunent consists of a thermometer 

with a spherical bulb one inch in diameter, and a tube, of which an inch 
and a half next the bulb is divided. The fluid employed is alcohol 
coloured with a drop of pure aniline blae. The pnnciple of the in- 
strument is the same as that of Sir J. HerschePs. It was devised for 
mountain use, where the weight of HerscheFs instrument and the 
fragility of its internal thermometer are elements of difficulty. A plain 
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teleaeope tnbe of bright metal 18 ins. long and 2^ ins. in diameter, open 
at both ends, is pierced in its central section with a circular hole 1| 
to 1^ in. in diameter, from which springs a flanged shoulder prelecting 
about ^ in. to receive a perforated split bung, which clasps the thermo- 
meter stem and holds the bulb firmly in the centre of the axis of the 
tube. Two caps, fitted with clear plate glass, are made to slide off and 
on at the two ends to admit of the glasses being readily wiped. (Proe. 
Boy. 8o€. Vol. XV. p. 321.) Exhibited by The Kew Committee. 

^ Ponillet'S Direct Pyrheliomotor. This instrument is composed of a cylin- 
drical box of steel filled with mercury. Into the cylinder a thermometer 
is introduced, the stem of which is protected by a piece of brass 
tubing. As the surface on which the sun's rays fall and the quantity 
of mercury in the cylinder are both known, the effect of the sun's heat 
upon a given area can be expressed by stating that it is competent in 
£Ye minutes to raise so mucn mercury so many degrees in tempera- 
ture. Exhibited by The Kew Committee. 

^ Xxnproved Form of Pouillet's Pyrheliometer. The instrument is placed 

in a silvered tube to shield it from wind and from all solar rays, except 
when the tube is turned directly towards the sun. 

Exhibited by the Rev. F. W. Stow, M.A., F.R.Met.Soc. 

i's Solar Intensity Apparatns for measuring the comparative inten- 
sity of the sun's rays. Two thermometers are kept immersed in a fluid 
at any convenient temperature, and a third, of which the stem passes 
through the same liquid and the bulb is outside it, is exposed to the 
rays of the sun shining down the hollow cylinder. The increase of 
temperature thus obtained is found to be the same independent of the 
temperature of the fluid which surrounds the thermometer. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

Balfonr Stewart's Aetinometer. This consists of a copper cube 3^ 

inches square outside, the faces of which are | inch thick. The cube 
is packed round with felt, and the whole faced outside with thin 
polished brass plates. Thermometers are inserted into that side of the 
cube intended to face the sun, and into the opposite side, by means of 
which the temperature of these sides can be accurately dfetermined. 
A thermometer is also placed in the centre of the enclosure, and the 
sun's rays are admitted to it through a hole. 

Exhibited by the British AasociATiON Solar Radiation Committee. 

^- -Angstrom's Pyrheliometer. This instrument is adapted for making 
accurate determinations of the solar radiation as well as for deter- 
mining the constants of some other instruments constructed to measure 
radiant heat It is to be used in connection with a sensitive reflecting 
dead beat galvanometer. For the purpose of showing how the plates 
of the calorimeter are prepared, only one is entirely finished. The other 
shows the appearance of the plates after deposition of copper and platina 
and before blackening by the smoke of a candle. {Nova Acta hey. 
8oe, Se. Upe,, Ser. III. 1886.) Exhibited by Dr. K. Angstrom. 

Cfrookes^ Radiometer. This instrument consists of four arms of some light 
material, suspended on a hard steel point, resting in a cup, so that the 
arms are able to revolve horizontallv upon the centre pivot. To tlie 
extremitv of each arm is fixed a thin disc of light materi^, white on one 
side and lamp-blacked on the other, the black surfaces of all the discs 
facing the same way. The whole is enclosed in a thin glass globe, which 
is then exhausted to the highest attainable point and hermetically sealed. 
The arms rotate with more or less velocity under the action of radiation. 

Exhibited by J. J. HiCKS, F.R.Met.Soc. 
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9. Lnvini's Dietheroaoope for obsemng the chmgef of atmospheric refraction 
optically. The instrament consista of two eonrex lenses of the same 
focal length, placed on the same axis and at a distance impart doable of 
their focal length. Such an arrangement of lenses will present an 
image rerersed in position but unaltered in size. If we obeorve with a 
telescope a distant object through the pair of lenses, the image will 
appear as if the lenses did not exist, but will be reyersed. If now the 
telescope be so placed that its field of view is divided into two parts, 
for vision througn the lenses and through open space respectively, we 
shall see two images of each object, one reversed with respect to the 
other. If then any movement of the object takes place euher real or 
apparent, due to refraction, there will be a corresponding movement of 
tne image, and the latter movement will be double of the former. The 
observation is made as follows : — The dietheroscope is fixed in a certain 
position, and observations of the relative positions of the two images of 
the same object are made at regular intervals. These can be used to 
determine refiraction. Ejchibiied hy the Meteobolooical Council. 

10. Bellani's Llldmeter« as arranged by Prof. G. Canton! for use at the Italian 
Meteorological Stations. The instrament consists easentiallj of two 
glass bulbs of the same diameter (about 5 cjn.), the upper of black, 
the lower of clear glass. The disttmce between them is three times 
their diameter. The upper parts of the bulbs communicate witii each 
other by a tabe conveniently bent To the bottom of the lower bulb 
is attached a graduated tube about 4 decimeters in length, of an internal 
diameter of 5 mm., termed the volumetric tube. A small aoantity of 
distilled water is introduced enough to fill about three-fifths or the black 
bulb, and the instrument is sealea so as to exclude all air. The obser- 
vation is made by recording the number of degrees In the volumetric 
tube filled by water distilled from the black bulB. 

Exhibited hy the Meteorological Coitmcil. 

1 1 • Marriott's Actinometer (two patterns). This is an instrument for comparing 

the actinic value of light at different stations. It is composed of a 
sensitive surface capable of being darkened to a standard tint by the 
action of light, which is received through a screen varying in density. 
The light is of greater actinic value according as it can produce the 
stands^ tint through a greater density of the screen. 

In the second pattern the sensitive surface is placed roond a drum 
which may be moved from the outside. A new sur&ice can therefore 
be presented to the action of the light for each hour of the day. 

Exhibited by A. S. Mabbiott, F.R.MetSoc. 

12. Downes' Method of Slow Actinometrjr by Ozilie Add. A definite 

quantity of a standard of oxalic acid is exposed to the action of light 
for a definite period. Subsequently it is used to bleach a standard 
solution of permanganate of potash. The quantity of oxidised oxalic 
acid solution, compared with the quantity originally re<raired to produce 
the same effect, is a measure of the intensity of the li^t 

JElxMbited hy Dr. A. Dowmes. 



80LAB RADIATION THEBMOMETEBS. 

13. Black-glass bulb Maximum Thermometer. 

Exhibited by Messrs. Negbbtti AND Zakbra. 

14. Black-bulb Maximum Thermometer *» vacuo. 

Exhibited by Messrs. Negbetti and Zambra. 



^ 
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Hioks's Blaek-bolb MaxJinnTn Thermometer m vacuo, with platinam wires 

and battery for testing the yacaom. 

Exhibited by J. J. HiCKS, F.R.Met.Soc. 

H^gretti and Zambra*8 Blaok-bnlb Maximum Thermometer in vacuoj 

with mercurial gauge for testing the yacnum. 

Exhibited by Messrs. Negretti and Zambra. 



Hioks'S Badio-Solar Thermometer. This is the ordinary Black-bulb Maxi- 
mum Thermometer in vaeuo^ but haying at £he end of the outer jacket 
a second chamber in which is mounted vertically one of Crookes's radio- 
meters for testing the vacuum. Exhibited by J. J. Hicks, F.R.Met.Soc. 

Negretti and Zambra's Blaok-bnlb Mazimom Thermometer in vacuo, 

for exposure to the sky in a vertical position. The scale is figured^ in 
the opposite way to an ordinary instrument, the reading commencing 
from the end of the tube and not from the bulb. 

Exhibited by Messrs. NEaRETTi and Zambra. 

Blaok-bnlb Maximum Lenticnlar Thermometer tn vacuo, with a very small 

bulb, and having the bore magnified about twelve times in diameter 
by the tube being lenticular. Exhibited by J. J. Hicks, F.K.Met.Soc. 

Blaok-bnlb and Bright-bulb Maximum Thermometers in vacuo. 

Exhibited by the Rotal Meteobolooical Society. 

Blaek-bulb and Bright-bulb Thermometers in vacuo, mounted in an upright 

position with the bulbs uppermost. (As used at the Montsouris Obser- 
vatory, Paris.) Exhibited by Messrs. Negretti and Zambra. 

Biohard's continuonsly recording Blaok-bulb and Bright-bulb Solar 

Badiation Thermometers* This is a modification of Rlchard^s well- 
known thermograph, and gives a continuous record of the temperature of 
a black and a bright-bulb thermometer in vacuo. 

Exhibited by MM. Richard Fr^res. 

(N.B. — This instrument failed to arrive, but an engraving of it was 
exhibited instead.) 

Black-bulb y^Timnm Thermometer in vacuo, in which the bulb was broken 
during the hailstorm of August 3rd, 1879, without injury to the outer 
jacket. Exhibited by The Kew Committee. 

Southall's Helio-Pyrometer for testing the accumulated heat of the sun in 
a confined blackened space, under glass. A black -bulb maximum 
thermometer is fixed on a cushion at the bottom of box, the sides of 
which are also cushioned, and a thick piece of plate-glass is laid upon 
the top to prevent currents of air carrying off the heat, also with the 
view of preventing the cooling effects of terrestrial radiation. The box 
is placed in such a position that the sun's rays may strike as nearly as 
possible perpendicularly on the glass. A small vessel is also added, in 
which water boils violently in the box, a piece of tube canying off the 
steam. * ExhibUed by L. P. Casella, F.R.Met.Soc. 

Frankland*s Self-registering Differential Solar Thermometer^ for re- 
cording the maximum solar intensity (Proc. Roy. Soc. Vol. XXX 11 1., 
p. 338.) Exhibited by L. P. Casella, F.R.Met.Soc. 
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SUNSHINE BECORDEBS. 

26. Campbell's Sunshine Bowls (six), exhibiting the effect of sunshine daring 

the half-years :— June to December, 1855 ; December to June, 1856 ; 
June to December, 1856 ; June to December, 1883 ; December to June, 
1884 ; June to December, 1894. 

ExhihiUd by the Meteobological COdNCIL. 

27. Campbell's Sunshine Beoorder. A sphere of glass, 4 inches in diameter, is 

supported in a hemispherical metal bowl, having engraved azimuth 
and altitude circles for the proper placing in position of the strip on 
which the record is made. This instrument was used at the Biojal 
Observatory, Greenwich, from 1876 to 1886. 

Exhibited by W. H. M. Christie, F.R.S., Astronomer-Royal. 

28. Sunshine Beoorder for a fixed latitude, as used by the Meteorological 

Office. Exhibited by the Meteobological Coxtncil. 

29. Whipple-Casella Sunshine Beoorder- — ^The instrument is ftimished with 

divided latitude and declination circles, and thus can be easily set for 
any locality, and for any day in the year. 

Exhibited by L. P. Casella, F.R.MetSoc 

^. Sunshine Beoorder with a^ustments for use in any latitude. 

Exhibited by Messrs. Negbetti and Zambba. 

31. Chemioal Photometer devised by Sir H. Bosooe, ILP.^ FJL8. This is a 

simple mode of measuring the chemical action of total.daylight, adapted 
to tne purpose of re^ar meteorological registration. B^ means of tiiis 
instrument a strip of paper is so exposed that tiie different times of 
chemical action can be calculated to within small fractions of a second. 
The exposure of the paper is effected hy pasting pieces of standard 
sensitive paper upon a band, and inserting this into a thin metal 
slide having a small opening at the top furnished with a cover, which 
can be made instantly to open or close the hole under which the sensi- 
tive paper is placed. (First Pattern, 1863.) 

Exhibited by The Eew Committeb. 

32. Experimental Instrument for Becording the Intensity of Daylight, the 

results bein^ obtained bv revolving a disc of sensitized paper behind 
a screen with a rectangular aperture. Exhibited by o.d, Jordan. 

33. Jordan's Photographie Sunshine Beoorder. This mstrument consists of 

a cylindrical box, on the inside of which is placed a slip of cyanotype 
paper. Sunlight being admitted into this chamber b^ three small 
apertures, is received on the paper, and travelling over it by reason of 
the earth^s rotation, leaves a distinct trace of chemical action. (Qvar- 
terly Journal Roy. Met, Soc. Vol. XII. p. 22.) 

Exhibited by Messrs. Negbetti and ZAirm^A 

34. Jordan's Photographie Sunshine Beoorder. Improved pattern. In this 

pattern two apertures are used instead of three. 

Exhibited by Messrs. Negbetti and Zambra. 

35. Jordan's Photographie Sunshine Beoorder. New pattern. The improve- 

ment in this instrument over the previous patterns consists in using two 
semi-cylindrical or D-shaoed boxes, cue to contain the morning and the 
other the afternoon recora. An aperture for admitting the beam of sun- 
light is placed in the centre of the rectangular side of each box so that 
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41. Stephanome. This infitmment is used at the Ben NeriB Observatory for 

measuriiig the anffolar size of hales, fog-bows, glories, Ac The eye is 
applied to the si^t at one end, and the sliding bar moved along the 
graduated rod until either the outer or inner pair of points on it coincide 
with the ends of a diameter of the circle being measured. The gradua- 
tions on the rod are reduced to angular measure and tabulated ; measure- 
ments can be made to an average accuracy of about 5 minutes of arc. 
The small disc attached to the rod by a nder is only used to hide the 
sun or moon when measuring halos or coronis. 

Exhibited by the Directors of the Ben Nevis Observatory. 

42. Fineman's Nephosoope* This is an improvement on Fomioni*s Nephodo- 

scope. (Atti delta Prima Riunione Metearolomea Itali4mo 1881.) It 
cocsists of a black mirror on which are engraved four diameters crossing 
at an angle of 45^, and two concentric circles ; a circle of clear glass is 
let into the mirror in order to show the point of a magnetised needle 
playing on a pivot beneath the mirror. Beside the mirror is a scale 
graduated in millimetres, moveable in a vertical direction by a rack and 
pinion. The point of this scale is set to such a height that looking 
over it the ima^e of a point of a cloud can be seen reflected in the 
centre of the mirror, and the concentric circles are intended to give 
definite distances by which to measure the movement of the <uoud 
point in direction and velocity by the displacement of its image. 

Exhibited by the Meteorological CoxTNaL. 

43. Oalton's NephOBOOpe. This consists of a horizontal mirror placed inside a 

circle marked with the eight points of the compass. The mirror 
rcvolveB freely. Above it is placed a vertical grating, with horizontal 
bars, which is fixed to the mirror, and can be set in any azimuth, so as 
to coincide with the direction of motion of a cloud observed in the 
mirror, which direction is read off on the graduated circle. The mirror 
is intended for the observation of clouds from the zenith to about 5CP. 
The grating for those from 50° to 20° in altitude. The apparatus is 
fitted with a travelling sightpiece on an arm for observations of slow 
moving clouds at low elevations. 

Exhibited by the METEOROLOGICAL Council. 

44. Air Meter or Biram Anemometer, reading to 1,000 feet, with Minute glass 

attached. Exhibited by Messrs. John Davis and Son. 

45. Davis's Self-Timing Air Meter, with improved mechanism. The index 

reverts to zero after each observation, and the instrument requires no 
calculation whatever for corrections, or for the position of the index 
hands at starting, and indicates feet per second. 

Exhibited by Messrs. John Davis and Son. 

46. Davis's High-Speed Air Meter, without vanes, reading to 10 million feet, 

constructed for high velocities. 

Exhibited by Messrs. John Davis and Son. 



MODELS. 
47. Working Model illustrating the generation of Ocean Correnta. 

Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 

4H. Models of Hailstones, 7 inches in circumference, which fell near Monterean, 
France, on August 15th, 1888. (See Quarterly Journal of the Royal 
Meteorological Society^ Vol. XV. p. 47.) Exhibited by A. C. Stbatten. 
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PfiOTOaaAPHS, DRAWINGS, Ac. 

49- JBlgraving of TioUo's Actinometer. The bulb of a thermometer previ- 
oobIj blackened by smoke is exposed to the sun at the centre of a spheri- 
cal copper enclosure, blackened inside, the rays penetrating by a tabular 
opening. This enclosure, surrounded by an outer envelope polished on 
its exterior surface, is kept at a constant temperature by a current of 
cold water or by poundea ice. 

Exhibited by the Royal Meteorological Society. 

^O. JEnglEViDg of Frohlich*B Aotinometer. (Zeitschri/t der ocaterreichisehen 

GeselUehaftfUr MeteorologUy Band XIX. p. 214.) 

Bxhibiied by the Royal Meteorological Society. 



Of Oiova'B Beeordiiig Aotinometer. Exhibited by A. Crova. 
^Photograph of Angstrom's Pyrheliometer. JRchibited by Dr. K. Angstrom. 
lEngraving and Desoription of Draper's Self-Recording Sun Thermo- 

meteTi as in use at the New York Meteorological Observatory. 

Exhibited by the Royal Meteorological Society. 

Graphic Record of Sunshine at the Royal Rotanic Gardens, Regent's 

Park, 1886 to 1888. Exhibited by the RoYAL Botanic Society. 

^^ • Snnshine Cards for July 1887 recorded at the Royal Rotanic Gardens t 

RegenVs Park. Exhibited by the Royal Botanic Society. 

- Drawings and description of Favre*8 Meteorograph, which records the 

indications of the barometer, thermometer, hygrometer, and direction 
and force of the wind at a distance. Exhibited by C. A. Favre. 



S"^'« 



Photographs of Flashes of Lightning sent to the Royal Meteorological 
Society since May 1888 by : — 

Mr. R. C. Bajley, Peterborough. 

Mr. A. H. Bmden, Wakefield, Mass., U.S.A. 

Mr. H. Batler, Yermilion, Dak., U.S.A. 

Mr. H. P. Curtis, Boston, Mass., U.S.A. 

Rey. C. H. Griffith Strathfield Turgiss. 

Herr R. Haensel, Reichenberg, Bohemia. 

Mr. M. I*Anson, Newark, New Jersey, U.S.A. 

Mr. A. W. NichoUs, Peterborough. 

Mr. H. C. Russell, F.R.S., Sydney, N.S.W. 

Mons. £. L. Tronvelot. Meudon, near Paris. 

Mr E. E. Van Epps, Oberlin, Kas., U.S.A. 

^«^igraving showing Clothing destroyed by Lightning. 

Exhibited by The Royal Meteorological Society. 

dictographs of Electric Spark taken while the sensitive plate was rotating 
2,500 times per minute. 

Exhibited by J. WiMSiiultST. 

^^■entem Slides illastrating the spiral circulation of the wind in 

high and low pressure areas. 

Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 



174 EXHIBITION OF MfiTBOROLOOIOAL INSTEUMENT8. 

61. Photographs of Clouds taken in Southern Brazil, 1888. 

Exhibited by E. S. Shephi. ll 11^ 

62. Photographs of Comnliis and Stratus Clouds. 

Exhibited by Capt. D. Wilson-Barkxr, F.R.Met.SoGK. 

63. Photograph of apparatus used at the Kew Observatory for determining^ 

the height and motion of CAouds from photographa ; designed an^ 
constructed by Mr. G. M. Whipple, F.R.MetSoc. 

Exhibited by The Meteobological Council. 

64. Photograph of Whirler for testing Air Meters at the Kew Obser- 

vatory. Exhibited by The Kew CouurrTEE. 

65. Photograph of the Thermometer Screens at the Boyal Observatory, 

Oreenwieh. 

Exhibited by W. H. M. CHRISTIE, F.R.S., Aatronomer-RoyaL 

66. Photographs taken on the summit of Ben Nevis during the last eleven 

monUis. Exhibited by the DIRECTORS of the Ben Nevis Observatory. 

67. Two Photographs showing (1) the New Suspension Bridge with the Falls 

of Niagara beyond, and the " Maid of the Mist," taken before the 
tornado of January 9th, 1889 ; and (2) the roadway of the bridge at the 
American end destroyed by the tornado. 

Exhibited by C. J. Bromhead, F.R.Met.Soc. 

68. Two Large Photographs showing the thick rime on trees at Lincoln on 

January 7th, 1889. Exhibited by C. J. Bromhead, F.R.MetSoc 

69. Photograph taken by Moonlight Exhibited by H. P. Curtis. 

70. Diagrams illustrative of the comparative yearly Rainfall of the Olobe, 

1838-1887. Exhibited by W. B. Tripp, F.R.MetSoc. 

71. Meteorological Chart for use at Second Order Stations, arranged to contain 
the monthly means for a year. 

Exhibited by Capt D. Wilson-Barsler, F JtMetSoc 



WILLIAM MARCET, M.D., F.R.S., President 

G. J. SYMONS, F.R.S. ) c,^,,^„« 
JOHN W. TRIPE, M.D. i ^^^^<^^^' 

WILLIAM MARRIOTT, Aeeigtant Secretary. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

Mabch 20th, 1889. 
Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

Alfbbd John Hands. St. Ronan's, Fairholt Road, Stamford Hill, N. ; 

James Jackson, 27 Albion Grove, Bamsbnry ; 

Stephen Adolphus Jones, 19 Ludgate Hill, E.G. ; 

John Edwabd Middlehubst, Springwood Hall, Pendlebory, Manchester ; 

and 
Leonard Sutton, P.R.G.S., Cintra Lodge, Reading, 
were balloted for and duly elected Fellows of the Society. 

The following Paper was read : — 

" The Sun, its Heat and Light." By William Marcet, M.D., F.R.S., 
President (p. 127.) 

On the motion of Mr. Inwards, secouded by Mr. Brewin, the thanks of the 
Society were given to the Exhibitors for the loan of their instruments, &c. 

The meeting was then adjourned in order to afford the Fellows an opportunity 
of inapNBcting the Exhibition of Instruments, principally Actinometers and Solar 
Radiation Apparatus, which had been arranged in the rooms of the Institution of 
Civil Engineers. The List of Exhibits will be found on p. 166. 



Ai'RiL 17th, 1889. 

Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

Robert Cockburn Mobsman, 10 Blacket Place, Edinburgh ; and 

Edward Heron Rtan-Tenison, M.R.C.S., Kilronan, Upper Station Road, 

Bexhill-on-Sea, 

were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

" On the Rime-frost of January 6th and 7th, 1889." By C. B. Plow- 
^igbt, P.L.8. (p. 137.) 

** On the Deaths caused by Lightning in England and Wales from 
1862 TO 1880. By Robert Lawson, LL D., F.R.Met.Soc. (p. 140.) 

*< Tub Diurnal Range of the Barometer in Great Britain and Ireland." 
By P. C. Bayard, LL.M., F.R.Met.Soc. (p. 146.) 

" Note on a Working Model of tub Gulf Stream." By A. W. Clayden, 
li.A., F.R.MetSoc. (p. 164.) 
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CORRESPONDENCE AND NOTES. 

Instructions for taking Photographs of Lightning. By William 
Marriott, F.R.Met.Soc. 

At the Meeting of the Photographic Clnb on July 10th, I was requested to draw 
up some instructions for taking photographs of Laghtning, so that photographers, 
professional as well as amateur, might, in the event of a thunderstorm, be pre- 
pared to obtain some really good photographs. 

If the following brief instructions be complied with, the photogri^hs of 
lightning will possess scientific value : — 

1. The camera should be focnssed during the daytime to some distant object, 
and a mark made on the camera, so that at night it may be quickly adjusted 
when a storm is approaching. 

2. A rapid rectilinear lens, with full aperture, should be used. 

3. The camera should be directed to tne part of the sky where the lightning 
is most likely to occur. 

4. The camera should be firmly screwed to the tripod stand. 

5. It may be necessary to tilt the camera slightly, especially if the lightning 
be mostly in the zenith. If this be done, a note should be made of the amount 
of inclination. 

6. A portion of landscape, roof, chimney-pot, &c. should, if possible, be 
included on the plate. If this cannot be done, the top of the plate shonld be 
carefully marked before it is removed from the dark slide. 

7. The exact time of each flash, the interval in seconds between the lightning 
and the thunder, and the point of the compass in which the flash appeveo, 
should all be carefully recorded. 

8. It is desirable that there should be only one flash upon each plate. 

9. If circumstances permit, two cameras should be used^-one fixed on the 
tripod stand and the other held in the hand, — and two separate photographs 
obtained of the same flash. 

10. It would be very interesting and valuable if two or more photographers 
could obtain pictures of the same flash from different points of view. By this 
means it might be possible to determine accurately the distance of the flash 
and also its movements in the atmosphere. 

The Royal Meteorological Society will be glad to receive copies of all photo- 
graphs of lightning that may be taken,— even apparently poor ones often contain 
useful evidence. 



ExrERIMENTS WITH SOLAR RADIATION THERMOMETERS. Bj T. G. BeNN, 

F.R.Met.Soc. 

For a period of 142 days from Februiurv 16th to July 7th, 1887, 1 carried on an 
experiment with three Solar Radiation Thermometers, the instruments used being 
K.O. 14865 ; K.O. 14531 ; and K.O. 20089. 

The first named (K.O. 14865) is the instrument in constant use at this station *, 
and K.O. 20089 is fitted with Negretti and Zambra's vacuum test gauge. The 
whole of the thermometers were made by this firm. 

The instruments were exposed on a post at a height of 4 feet above grass with 
their spheres pointing to the south-east and 4 inches apart. They were read daily 
at 9 p.m. during the period of the experiment. The means of the 142 readings 
were : — 

K.O. 14865 K.O. 14531 K.O. 20089 

102°-8 102^-9 103°-2 

a very close agreement, but on individual occasions there were great differences, 
as will be seen below. 

The maximum shade temperature and the duration of bright sunshine arc given 
for the days on which the greatest differences were observed. 
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K.O. K.O. K.O. Max. Shade Hours of Bright 

1887. 14865 14531 20089 Temp. Sunshine. 

Teb. 27 96-2 90°6 90-7 53°0 72 

Mar. 16 116-6 116*2 1080 36-2 4-5 

„ 16 87-0 97-0 1010 38-0 67 

-April 23 100-2 110-0 109-8 52-7 60 

„ 26 87-8 85-8 84-2 46-3 6-7 

If ay 1 100-6 102-1 103-6 520 4-3 



»» 



13 82-6 87-2 860 47-4 5-0 

„ 24 102-4 102-6 1130 620 0-4 

June 17 113-0 116-8 117-2 77-0 20 

26 127-2 136-0 1361 800 14-6 

29 130-0 131-0 134-0 75-2 100 



n 



The above are the greatest differences, but on many occasions the readings 
disagreed by about 3^ On only 21 days did any two of the instruments read 
exactly alike ; and March 27th, June 1st, 8th, and 30th were the only days on 
which the readings of the three thermometers were identical, the values being 
respectively 98^-0 ; 122*'-0 ; 118**-0 ; and 118°-0. 

On March 16th E.O. 20089 was lowest by 8*^*6, on the following day the same 
thermometer read hiehest by 14^-0, although the shade temperature was only 2^-8 
hieher. Again on May 24tn this thermometer registered 10*^-6 higher than K.O. 
1m66, although there was less than half an hour of bright sunshine. K.O. 
14631 and K.O. 20089 agreed very nearly on June 25th, when there was a large 
amount of sunshine, while the thermometer in regular use was nearly 9^ lower. 



Gro88Hamn*8 << Contribution to the Histobt and Theory of the Pstchro- 
METEB.**! Kindly communicated by W. N. Shaw, M.A. 

In the historical introduction a sketch of the development of the theory of the 
wet-bolb thermometer is given. Though no exact psychrometric formula has 
hitherto been obtained, some progress has recently been made in the subject 
FerreV by a modification of the Stefan'-Maxwell^ formula, has deduced an expres- 
sion for the ease of air in motion ; and the investigations of Nils Ekholm^ have 
t^wn further light upon the not infrequent case of the wet-bulb, in fi-ost, 
readine higher than the dry. 

1. It a wet-bulb exposed in air (pressure J9, vapour-pressure p, and tempera- 
ture t) reads ti in consequence of the evaporation of water (the latent heat being 
X), and i£pi be the pressure of saturated vapour at <i, we may assume that, when 
tibe conditions have become steady, the process which has gone on and is going 
on continuously round the wet-bulb is as follows : — A quantity of heat is absorbed 
by evaporation, the vapour-pressure of a layer of air containing mi grammes of 
dry air being raiaed from pto pi; this heat is supplied by the reduction of the 
temperature of a layer of air, containing m^ grammes of dry air, from / to ti. 

Equating these quantities of heat, we get, if S be the specific heat of diy air, 
8i the specific heat of moist air referred to unit mass of dry air, a the specific 
gravity of vapour referred to air at the same temperature and pressure, 

a general and strict formula for the psychrometer unddr the conditions. This 
redaces to August's formula on introducing the assumption that the whole of the 
air which is reduced in temperature, becomes at the same time saturated by the 
evaporation, in oUier words, that mi = m}, 

2. The heat derived from the cooling of w} is assumed to represent all the 
heat derived from conduction, radiation, local convection, and the independent 

1 MH§9nio0i$ch4 ZtiUokrift, Aiiril and May 1889. 

1 Jammai Mmrt of the Chief Signal OffUer oftU Army, Part 11. for the year 1885. Ferrel : Eeoont 
AdraAeesin Meteorology. 

• ttUtekrjfl d§r Out^rrtickiiekm Ouaiuk^ft fir Mettorologie. B. XVI. 1881, p. 177. 
« Mney. Brit. Vol. YU. 1877. Art. •* Diffusion.*' 

• Skhobii: OndtraknimgtHr i SygrvwuM, Upsala, 1888. 
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general motion of the air. By reckoning separately that part of the heat supplied 
to the bnlb by radiation in time Z as equal to ZOR (<— fi) (O being the area of 
the surface of the bulb, and R the coefficient of radiation), we get — 

,=„-f(«.)(i+,f) [^f] « 

where 9* = ^ > 9* ^ ^ 

In order to express the effect of the velocity of motion of the ur, asBome that 
I and q^ are linear functions of the velocity v with a coefficient c, that they are 
equal when v is infinite, and that their values, when © is zero, are ^ and q^o respec- 
tively. 

Substituting, we get the following general formula for the psychrometer, in 
moving air, with spherical bulb, radius r — 

4ir^ ^ 5 ^ \ ... (5) 

where *=-^ ^-^* ' '= ?? 

<^ 9i 

The values of jS^ X, <r, and R are known, and can be substituted — 

(X = 606-6 — 0-696 «, for water-covered bulbs = 686*6 — 0-696 I, fiwr 

ice-covered bulbs.) 

The values of j^^ and q\ are not known d priori, but they may be regarded aa 
constant for a given velocity, so ^ and 9 can be determined from observatioiis 
with the psychrometer upon air of known humidity moving with known velocity, 
and thus a numerical formula of reduction obtained. It is assumed that tne 
radiation effect is the same in moving air as in still air. 

3. In the special case of still air, the quantity of heat supplied by conduction 
can be calculated for spherical bulbs after the manner of Stefan and Ekholm in 
terms of the temperatures of the bulb and the surrounding air, a coefficient X^ of 
conductivity, and a new constant /3, viz. the thickness of the spherical layer within 
which (in tne steady state) the wet-bulb produces anj deprossion of temperature. 
By a similar calculation the quantity of water vaporised for nven temperatures 
can be expressed in terms of a coefficient of difiusion, 2>, and another new con- 
stant /3i, viz. the thickness of the layer within which, in the steady state, the 
evaporated moisture is diffused. In this way values for ^i and ^ are obtamed, 
which lead to an equation, applicable to still air, in which account is taken of tiie 
radiation, conduction, and convection of heat, and the diffusion of vapour. 

4. From this general equation the formulas hitherto employed can be deduced 
by the introduction of the special assumptions upon which they are respectively 
based. To obtain Aueust^s formula (conrected for radiation) JD must be put 
equal to />, and /3 equiu to /3i. In Maxwell's formula /3 and pi are both infinite. 

FerrePs formula for moving air, previously referred to, is obtained by altering 
the expression for radiation so as to make it follow Dulong and Petit^ law, and 
assuming j3 to be equal to ^, and each to be inversely proportional to the velocity 
of the air. Though the tneoretical expressions for ^ and 9 are different, thie 

B — piSi 

resulting formula is identical in form with (6), except that the factor — ^-*- -g- 

is omitted. A numerical table shows the effect and importance of the missing 
factor, which is moreover shown to be required by some ODservations of Ferrel's, 
from wliich it appears that the factor A of the temperature-difference in the 
typical psychrometer formula, p^=pi — AB (t — ^), — ^where A is supposed to 
have a known value in making reductions — increases more rapidly with the tern- 

fierature of the wet-bulb than can be accounted for by the mere variation of the 
atent heat. 
6. The general formula (6) is applied to the recalculation of Swoirkin^s^ com- 

E arisen of the psychrometer with the volume-hygrometer and Alluard*s dew-point 
ygrometer, and the results show more satisfactory agreement than that obtained 

by Sworykin with his three-constant formula — A ^Z + /~ + ^ 

1 Sworrkin : Die Beitiiimuuig der Feuchtiglcflii der Luft mit dtm Psjobiomstff , WiUPtB^mrUrimmt 
yn. 1881. 
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6. The valuea of A (for ^ = o) are also tabulated, for a series of velocities ; 
they show eoniiden^le Yariation for small yelocities, and also greater variation 
witn a large bulb than with a small one. On this account it is evidently necessary 
to provide for a constant ventilation of a psychrometer, and to determine the 
factor A for the specific arrangement of the psychrometer, by comparison with a 
dew-point instrument. For small velocities the constants for each psychrometer 
most be determined as far as possible under the conditions that will obtain when 
the instroment is subsequently used for observations. 

7. The carrying out of still further experiments like those of Sworykin, and 
further observations with the sling hygrometer, appear to be of great value with 
a view to closer knowledge of certain disturbing causes. An investigation as to 
whetherthequantity J. would have a constant value for each psychrometer, if the 
ventilation were accomplished by fanning the psychrometer according to definite 
and easily workable instructions, must be regarded as very desirable, because this 
method appears to be most easily capable of being generally practised. 

^ 8. The use of psychrometer tables, founded upon Kegnault's formula, certainly 

fives on the average, for psychrometers with small bulbs, too small values for the 
omidity. 

^ 9. The question as to whether difEerent values for the latent heat of vaporisa- 
tion should be substituted in formule for water-covered bulbs and ice-covered 
bulbs respectively, was raised by Sworykin upon his finding, in the comparisons 
before mentioned, that the formula for water-covered bulbs gave satisfactory 
redactions when applied to ice-covered bulbs. It is pointed out (following 
Kkholm) that practical importance is to be attached to the fact that below the 
freesing-point the pressure of water-vapour has one value over ice, and another 
over water at the same temperature.^ The latter is the greater and should be 
taken in dew-point experiments, whereas Regnaulf s table (used by Sworykin in 
the comparison) gives the ice-vapour pressure. When account is taken of this, 
it is shown that Swor^kin's observations do not entitle us to abandon the change 
in the yalae of X for ice-covered bulbs, which is required on theoretical grounds. 



RECENT PUBLICATIONS. 

Amkbioam Mktbobolooioal Journal. May and Juno 1889. Vol. YI. 
Noe. 1-2. Syo; 1889. 

The principal articles are: — Meeting of the New England Meteorological 
Society, April 16th, 1889 (7 pp.). This contains an abstract of the papers read 
%t that Meeting. — Anemometer Comparisons, by Prof. U. A. Ilazen (5 pp.). — 
Tornado Charts of Illinois and Michigan, by Lieut. J. P. Finley (10 pp.). — 
Verifications at the Signal Office, by M. W. Harrington (14 pp.). — The organi- 
sation of the Meteorological Service in some of the principal countries of 
Kurope, by A. L. Rotch (12 pp.). In this paper the author gives an account of 
Ihe meteorological system in Belgium.— A review of some important Tornado 
literature, by F. Waldo (17 pp.). This is a summary of tornado literature and 
of the various theories propounded for these phenomena. — The Whirlpool Theory 
of Storms, by M. W. Harrington (6 pp.). This is a summary of Faye's views on the 
origin of cyclones. — The measurement of Wind Velocity, by W. H. Dines (2 pp.). 

Annals of the Astbomomioal Obsbbvatoby of Habvabd College. Vol. XX. 
Part 1. 4to. 1889. 

This part comprises "Observations made at the Blue Hill Observatory, 
Massachusetts, U.S.A., in the year 1887." Mr. A. L. Rotch, the founder and 
proprietor, gives a description of the Observatory and its work. The Observa- 
tory is 635 feet above sea level. In addition to the tables of monthly means 
mnd totab, the hourly values of atmospheric pressure, temperature, wind 

1 Bkbotan luw asplied this ooiuidemtioii to the explanation of the reading of the vot-bulb bcinff abovA 
t]Mitgrtlit4i7infroft (JM. ZctlM^r. y. ISSS, p. $1.) ^ ^^^ 
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direction and movement, precipitation, cloud and sunshine are also printed in 
full. The Appendix contains comparisons of the thermometer shelters, and an 
investigation of the normal differences, and also of marked inversions of tempera- 
ture between the base and summit 

GsooRAPHiscHSs Jahbbugh. Yol. Xm. 8vo. 1889. 

Contains :—Bericht iiber die Fortschritte der geographischen Meteorologie, 
von Dr. J. Hann (74 pp.). This contains a notice of evenr work or paper of any 
value which has appeared on Climatology in any part of the world aming the 
three years 1886-1888. 

Enowledoe. An Illastrated Magazine of Science. Jnne and July 1889. 
Vol. Xn. Nob. 44 and 45. 4to. 

These Nos. contain two interesting papers on Photogri^hs of Lightning, by 
Mr. A. C. Ranyard and Mr. W. Marriott, which are illustrated by a considerable 
number of reproductions of photographs of lightning. 

Meteobologischb Zeitbchbift. Redigirt von Dr. J. Hann and Dr. W. 
EoppEN. April- June 1889. 4to. 

Contains : — Beitrag zur Geschichte und Theorie des Psychrometers, von Dr. 
Grossmann (22 pp.). This is a historical research into the use of the dry and 
wet bulb hygrometer. The conclusions we give elsewhere (see p. 177).— 
Lephay*8 Messungen der Intensitat der Sonnenstrahlung am Cap Horn, yon Dr. 
J. M. remter ^6 pp.). This is a review of this section of the report of the 
French Expedition to Orange Bay. The observations were all earned out by 
means of a Pouillefs Pyrheliometer. — Die Temperaturverhaltnisse der Grotten 
von St. Canzian bei Triest, von A. Penck (4 pp.). The province of Camiola is 
full of caves, and the author has carried out the troublesome and dangerous task 
of exploring some and making observations. He distinguishes three classes of 
caves : 1. (Closed above, difficult of access, and constantly warm ; 2. Open aboye, 
damp, containing ice, and constantly cold; and 3. Open on each side, with 
streams flowing through, exposed to great variations of temperature. — Earl 
Prohaska's Untersuchungen iiber die Gewittererscheinungen in Steiermark, 
Kamten und Oberkrain, von Dr. J. Hann (8 pp.). This is a discussion of 
thunderstorms in the above-named provinces of Austria. — Zur Thermodynamik 
der Atmosphare, von W. von Bezold (8 pp.). This is a condensed account of the 
author's longer paper in the ISitzungsheriehte of the Berlin Academy. — Die me- 
teorologischen jBeobachtungen des Prof. A. Ackermann in Port an Prince, 
Haiti, 1864-68, von Dr. J. Hann (7 pp.). It has been known for some years 
that careful observations were once taken at Port au Prince, where now Prof. 
B^nard has again undertaken the duty of recording the climate of that semi- 
barbarous town. Prof. Scherer, a colleague of Prof. B6nard, has at last succeeded 
in finding in a file of a newspaper some of Prof. Ackermann's results. His 
original papers were burnt in an insurrection, and the copies Prof. Scherer used 
were only saved from a similar fate in another insurrection by being in his 
hands and not in the hands of their rightful owner, who, being a respectable 
Haytian, was marked out for vengeance by the insurgents, and whose house 
was burnt. — Ueber die feuchten Funkenrohren und die Gewitterblitze, von 
Dr. von Lepel (5 pp.). This is an investigation into the different classes of 
lightning flashes, by passing sparks along a tube covered inside with a film of 
paraflin and containing a little water. He comes to the following conclusions : — 
1. There are different kinds of discharges characterised by colour and the noise 
which accompany them ; 2. So-called sheet lightning is due to discharges 
behind clouds ; 3. The most intense flashes are the bright ones (white or pale) ; 
4. The pale bright flashes are probably delayed by resistance, and very liable to 
set fire to objects ; and 5. Rose coloured flashes are weak discharges. 

Report of the Fifty-Eighth Meetino of the British Association for thb 
Advancement of Science, held at Bath, in September 1888. 8yo. 
1082 pp. 1889. 

Among tlie Reports and Papers read were the following : — Third Report of the 
Committee appointed to cooperate with the Scottish Meteorological Society in 
making Meteorological Observations on Ben Nevis (6 pp.).— Modem views 
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.aboat harricanes as compared with the older theories, by the Hon. R. Aber- 
^srombj (2 pp.)^^ Report of the Committee appointed to arrange an investigation 
of the seasonal yariations of temperature in lakes, rivers and estuaries in various 
parts of the United Kingdom (2 pp.^. — On the temperature of some Scottish 
siyera, by H. R. Mill, D.Sc. — On readmg electrically meteorological instruments 
^stant nom the observer, by J. Joly. — On some accurate charts of Kew cor- 
^rections for mercury thermometers, by W. N. Shaw. — On an apparatus for de- 
"tennining temperature by the variation of electrical resistance, by W. N. Shaw. 
^DiacoMion on Lightning (Conductors (24 pp.). — Fourteenth Report on the cir- 
culation of underground waters. — On the replenishment of the underground 
iratera of the permeable formations of England, by J. B. Denton (2 pp.). — The 
Severn Watershed, by J. W. Willis Bund (5 pp.). 

Bbpobt on thb Meteobologt of India in 1887. By John Eliot, M.A., 
Offieiating Meteorological Reporter to the Government of India. 
Thirteenth Year. 4to. 1889. 610 pp. and 5 plates. 

In the Summary Mr. Eliot points out the chief relations holding between the 
pressure anomalies at the commencement of the South-west monsoon and the 
distribution of the monsoon rainfall. He says : <* It has been shown that the 
larger pressure anomalies established and intensified during the hot weather 
were maintained and continued until nearly the end of the rains, when a large 
and rapid change occurred. It is hardly too much to say that one of the most 
important and striking features in Indian meteorology is tlie remarkable per- 
sistency of the barometric variations or pressure anomalies. They are generally 
smidl in amount, but their duration amidst all tlie large changes of weather in 
India indicates most clearly that they represent real and important varia- 
tions of aonditions, more especialljr of the direction, extent, and intensity of the 
atmospheric currents prevailing in India. The persistency of the pressure 
anomiuies is almost certainly due to the fact that an abnormal variation of 
pressure in a moving mass of air necessarily gives rise to, or accompanies, a 
moditication of its motion, and, in consequence of well-known properties of fluid 
motion^ this changed or modified air motion tends to perpetuate, rather than to 
remove, the pressure variation or disturbance which gave rise to it. And in the 
case of the atmosphere, the modified air motion also gives rise to variations in 
the distribution oi the rainfall which exert a powerful influence in continuing 
and increasing the previous pressure conditions and anomalies, so long as the 
rainfalllasts. 

«( Experience (confirmed to some extent by theory) hence appears to have 
established : — 1st. That in India the larger and more important variations of 
atmospheric conditions are remarkably persistent. 2nd. That these abnornal 
conditions imply more or less prolonged variations in the air motion ; and that 
On the whole the most satisfactory method of ascertaining these areas of abnor- 
Hial conditions is by means of the pressure anomalies. 3rd. That the larger 
preasore anomalies are chiefly due to hot weather actions, but also in part to the 
amount and distribution of the winter snow-fall in the Himalayan region. 4th. 
rrhat an important after-effect of prolonged rainfall is to smooth away or reverse 
^e pressure anomalies existing previously to the rainfall. 5th. That the pressure 
anomalies established in April and May modify the direction and strength of the 
uonsoon currents when they set in at the end of May or beginning of June, and 
thoB exercise a very important influence in determining the distribution of the 
subsequent South-west monsoon rainfall. Hence they may be utilised to give a 
more or less accurate view of the general distribution of the rainfall of the sub- 
sequent South-west monsoon period.'' 

Sixteenth Annual Bepobt of the Segretabt of the State Boabd of 
Health of the State of Mighiqan for the Fiscal Year ending Jane 80, 
1889. 8vo. 1889. 888 pp. 

This contains among other information, papers by Dr. H. B. Baker on the 
following : — 1. Principal meteorological conditions in Michigan in 1887 (77 pp.) ; 
2. The time of greatest prevalence of each disease (64 pp.), — this is a contribu- 
tion to the causes of sickness * 3 Relations of certain meteorological conditions 
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to diseaseB of the longs and air paasages, as shown bj statistical and othor 
evidence (27 pp.^. The faets colleeted 1^ the anthor seem to show that infloensa^ 
tonfiih'tis, bronchitis, and pneumonia hare one controlling cause, yii. the inhala* 

tioD of cold dry air. 

Stmon8*8 Monthly Meteobolooigal Uaoazimb. Vol. XXX. No8. S80-381. 
May and June 1889. 8yo. 

The principal articles are: — Meteorological Bibliography (2 pp.). — Mr. 
Whipple on Lightning Photogrq>h8 (2 pp.). This is a report of a paper which 
was read at a recent Meeting of the Physical Society. — ^The New England 
Meteorological Society (3 pp.). This is an account of the Exhibition of Instra- 
mcnts which was held by that Society at Boston from Januaiy 15th to 22nd. — 
The ThunderstormB of May and June (2 pp.). — Earthquake Shock, May dOth, 
1889 (2 pp.).— A Cold Period (2 pp.). 

The Scottish Geoobaphigal Maoazins. Vol. Y. No. 5. May 1889. 8to« 

In a paper on " Samoa," by Dr. G. A. Turner, the author gives the following 
account of the climate : — ** The climate of Samoa is fairly good. The ayera^ 
temperature at midday, taken inside a well-yentilated stone house, is 86® ; it 
never rises above 93°, and it never falls below 80°. At nighty it is not much 
cooler. July, August, and September are the coolest months in the year, and 
February the hottest. Durins the greater part of the year a fresh Trade wind, 
wliich veers from South-south-east to North>east, is constantly blowine, and 
makes the temperature bearable. The most trying season is from NoTenioer to 
February, when often there are days together of still, sultry, oppressive weather. 
Between the months of December and April long-continued and heavy rains are 
frequent, attended at times with high winds and northerly gales. Ot^Mutionally, 
too, destructive hurricanes occur. They are not so frequent in Samoa, however, 
as they are a little further south. Hardly a year passes without one of theae 
gales, of more or less severity, passing over some part of the belt between 10® 
and 20° south latitude. 

YEBHANDLUNa DEB Natubfobsohei^den Gessllbohaft zu Basel. Toil YDL 

8vo. 1889. 

Contains : Resultate aus 112-j^rigen Gewitteraufzeichnnngen in Basel, TOn 
Dr. A. Riggenbach (19 pp.). This is a discussion of 112 years' (1765-1803 and 
1826-88) observations oi thunderstorms at Basel. Thunderstorms are moat 
frequent during the months of June and July, the time of the mazimmn oeenr* 
rence being between 3 and 4 p.m. 

WiENEB KLEIMEB WoOHENSOHBIFT. 1889. Nr. 18-19. 8yO. 

Contains : — Ueber die Luftfeuchtigkeit als klimatischer Factor, von Dr. J. 
Hann (13 pp.). The author discusses the relative advantages presented by the 
representation of hygrometric data, either as vapour tension, relative hnnudityi 
or as the deficit of saturation {i.e. the difference between saturation and relative 
humidity). He points out how none of these modes of representation are com* 
pletely satisfactory, and urges that the influence of deficit of saturation on health 
be investigated by physicians, but that on no account should the figures for < 
relative humidity be omitted in meteorological tables. 
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Some Experiments made to Investigate the Connection 
between the Pressure and Velocity of the Wind. 

By W. H. dines, B.A., FiR.MET.Boo* 



[Bead May 15tb, 1889.1 

Thksb ozperimcnls have been made for llic purpoRC of dctormining the reluiion 
between the velocity of the wind and the pressure it exerts upon obstacles of 
various kinds exposed to it. 

It has long been known that wind pressure depends approximately upon 
the square of the velocity. If a weight bo swung round in a curve, the 
restraint required to keep it in the curve varies, other things remaining the 
same, as the square of the velocity, and hence the idea occurred to me that 
ibis principle might be employed with advantage in these experiments. The 
plan has been found to answer admirably, and has obviated the necessity of 
determining the velocities of the bodies upon which experiments have been 
made, thus entirely avoiding one great source of error. 

MXW 8KBISS, — ^yOL. XY. P 
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The pressaro plates have been placed at the end of the long ann of the 
whirling machine previously described {Quarterly Journal^ Vol. XIV. p. 253), 
and rotated by steam power. 

The instrument for carrying the plates screws on to the end of the long 
arm A B, and consists essentially of a lever bent at right angles and pivoted at 
B (Fig. 1 ) . The arm B C carrying the plate forms a continuation of the long arm 
of the whirler ; the other arm E D is a graduated brass bar of known weight, 
which slides at right angles to B C, and can be clamped in any position. As 
the machine revolves about A, the sliding bar, unless its centre of mass, G, be 
on the pivot, tends to fly outwards in the direction G F, that is away from A, 
and thus to press the plate forwards, and the amount of this tendency, F, 
can be altered by shifting the position of the bar and thus altering the leverage. 



3! 
B 



(>r 



I 

.1 



3> 

Fio. 1. 

Hence the force urging the plate forwards depends upon three things, (1) 
the so-called centrifugal force, which itself depends, inversely upon the length 
of the long arm, and directly upon the square of the velocity ; (2) upon the 
weight of the bar ; and (8) on the distance of the centre of mass from the 
pivot. Of these (1) and (3) can be altered, (1) by altering the rate of rotation, 
and (3) by altering the position in which the bar is clamped. The force P, 
urging the plate backwards, depends upon the shape of the plate and upon 
the square of the velocity with which it is driven through the air. Of these 
the second can be altered, but any change in it produces an equal change in 
the force F, driviog the plate forwards, and therefore does not alter the 
relative equilibrium. Hence, as stated above, the velocity does not come 
into question at all and need not bo measured. When the position of equili- 
brium has been obtained, the wind 'pressure for any velocity is given by a 
simple mathematical calculation.^ 

1 If C be the ceDtre of pressure of the plate, to the weight of the sliding bar, v the 
▼elooiiy of the point JB, V that of C, and r the length of the long arm A B, we have — 

The component of F parallel to A JB - — , and hence, taking moments about B, 

P^ BC = -- 'BO 

gr 

AC 

But P varies as P, P = kl'^, suppose, when A is a constant, and also V =» jjjo, 

/LIS 

AC^ _ w'BG 
AB^ (jr 

and substituting for the known quantities the value of & is found. 
Strictly, the geometrical centre is not the centre of pressure of the plate, since the 
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Xt has been assnmed in the above thai the wind pressure varies as the 
'iziare of the velocity. The experiments have proved this to be the case, 
r* when upon a calm day equilibrium for any plate is once attained, it has 
'^n found impossible to disturb it by any alteration of the velocity of rotation, 
id since the centrifugal force varies as the square of the velocity, the wind 
^dssore most do so also. For the smaller plates the maximum velocity of 
icb the machine is capable is about 70 miles per hour. 

actual practice, some of the larger plates have been mounted upon a 

B^«r attached to a bevilled wheel, which geared into another equal wheel 

^xnjing the sliding bar. In some respects this arrangement was more 

venient than the simple bent lever, being, however, identical with it in 

:xiciple. 

first a difficulty was found in observing the position of the plate while 

moving, but this was overcome by the aid of electricity. A play of 

at 1^ was allowed to the moving parts, the motion being checked by two 

^B. The stops were formed by insulated pieces of metal from which 

68 were led to a galvanometer and system of batteries. The system was 

srranged that contact with one stop caused a current to flow through the 

Tanometer in one direction' and contact with the other in the opposite 

action. Thus it indicated the stop with which the lever was in contact at 

^instant, and therefore whether the wind pressure, or the centrifugal action 

on the sliding bar, were the greater. 

Three bars were used, graduated in decimals of a foot, and weighing 0'4| 

^ and 2*0 lbs. respectively. The accuracy of the weights may be relied upon, 

Whipple having been kind enough to determine them for me at Kew. 

[6 measurements of length are more uncertain, but the error is certainly 

thin 1 per cent. 

The plan adopted was to place a plate and bar of suitable weight on the 

!^^achine, and to keep stopping the motion and altering the position of the 

^^ir until either no current flowed through the galvanometer, or, as more 

^^ Acn happened, until currents flowed in opposite directions at equal intervals. 

^^ometimes two or three trials gave the right position, but occasionally the 

^^::iaebine had to be stopped and started 15 or 20 times before a satisfactory 

^^^^^siilt could be obtained. Hence I was led to introduce a small supple* 

^^:^entary bar weighing i lb., and an automatic arrangement, worked by a 

^nall windmill, into the details of which it is unnecessary to enter. Subse- 

uent experience has made me think that the trouble arose from small 

ariaiions in the actual pressure, occurring at short intervals, as results 

^^^^tained within a few minutes sometimes difibr by 2 or 8 per cent. That 

slocity is greater upon the outer than upon the inner edge of the plate, bat the 

iiferenee of position for any plate used, when compared with AD^ is inappreciable. 

le differenee might be of consequence when compared with BC, bat with the larger 

^blatea a pair of bevilled wheels have been introdaoed at B, so that the lever carrying 

'^^le plate has moved in a vertical instead of in a horizontal plane, thas the centre of 

^ressnre and the geometrical centre were at the same distance from the axis of rotation 

oi the lever, although at slightly different distances from the axis of the whirler. 
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the variatioDB are not due to accidental errors is proved by the fact that 
they have only occurred with a Southerly or Westerly wind, and never 
during a North-Easterly wind. The whirling machine being somewhat 
sheltered on the South and South-west, it is probable that the eflfect of 
these winds is to induce slight eddies. 

The question naturally arises how far the values given in the accom- 
panying Table may be depended upon. The values are the mean of all the 
experiments made with each particular plate, the number of experiments made 
with each being given in the last column of the table. Each experiment con- 
sisted of about three observations taken in inmiediate succession. As a role 
no plate was tried twice on the same day. With the larger plates a single 
value has seldom differed from the mean by more than 5 per cent., and on the 
whole the different values have been fairly consistent. There are, however, 
two cases of exception to this statement, and they are the cylindrical surface 
and the sharp cone when placed in front of the plate. The results of five 
experiments out of the series of about 160 have been rejected. 

The particular value of 20*86 miles per hour for the velocity given in the 
Table is chosen for the following reason: — The centre of the pivot was 
28 ft. 1 in. from the axis of rotation of the whirling machine, and the centre 
of the plate 28 ft. 7 in. 

Taking the numerical value of the acceleration due to gravity {g) as 82*19, 
these figures give 20*86 miles per hour as the velocity of the centre of the 
plates at which the centrifugal force actbg upon the bar is equal to its 
weight. 

Experiments have also been made with two kinds of perforated zinc. The 
pressure on the first kind, which contains about 77 holes of '08 in. diameter 
per square inch, was 9 per cent, less than on a solid plate, but gave the high 
value of 2*48 lbs. pressure per square foot of actual surface. The values for 
the second kind, having 11 to 12 holes of '22 in. diameter per square inch, 
were 20 per cent less than on a solid plate, and gave about 2 lbs. per square 
foot of actual surface. 

It was necessary to stiffen these plates by turning up the edges, and it was 
found that this edge when presented to the wind increased the pressure by 
about 6 per cent. 

A cone and a projecting rim, when put at the back of the foot circular 
plate, caused no appreciable alteration in the pressure, but when the rim 
projected in front the results were — 

An increase of 6 per cent, with a projection of i in. 

10 






)l I) 



The effect of cutting holes in the foot square plate was also tried — 8 circular 
holes, each of one square inch area, being made, 4 as near the centre as possible, 
aud 1 close to each corner. No difference in the pressure could be detected, 
whether any or all of the holes were covered or open. The 8 holes together 
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TABLB snowno tbb PusrauB dfon vabioub Funs it i Vblocitt or 3086 miles tm 
HOOB. Tes Tildes isb beducbd to ibi Btakdibd TsMPB&iniBB ahd Pbbi- 
erax. The n^i plubb vebs cm our or hibd wood f is, tbick. Aixovanci 

BAB BEBM lUIlB roa TBB IBM WHICH CtXBIED THBtf . 



11 



k Eqn&ie, each side 4 iiiB 

A oircte, 4-51 ins. di&sicter, eamearcB 

A rectangle, 16X1 ina , 

A circle, G idb. diameter 

A Bqnare, eacb aide 8 ins 

A circle, 9'03 ins. dimnctfr, same Brea 

A rectangle, i6 X 4 ina 

A square, each aide 11 ins „ , 

A ctrole. i3'S4 ins. diameter, same area 

A rectangle, 24 X 6iae 

A square, each side 16 ins 

A plate, 6 IDS. diametci, 4} ina. thick 

A cflindcr, 6 ins. diameter and 4} ins. long , 

A sphere, 6 ins. diameter 

A plate, 6 ins. diameter, with a blunt cone, angle 90°, ', 

it the bock 

e some, with cone in front 

A plate, G ins. diameter, with n sharp cone, angle 30°, 

>t the back 

e same, with cone in front 

A 5 inch Robinson onp, mcnnted ob 8j ina. of J in. rod. 

The same, with Us back to the wind 

A g Inch cup, mounted on Gj ins. of | in. rod 

The same, with its back to the wind 

A 2) inch enp. monnted on g| ins. of ( in. rod 

The same, with its back to the wind 

One foot of | i n. circular rod 

take away more than 6 per cent, of the plate, yet a difference of 1 per cent, 
in the preSBnre, had it existed, would certainly have been apparent. 

The resnlts of the table may be roughly stunmorised aa follows : — The 
pressnre upon a plane area of fairly compact form is abont li lb. per square 
foot at a velocify of 21 miles per hour, or in other words, a pressure of 1 lb. 
per square foot is canBcd by a wind of a little more than 17 miles per hour. 

Tbe pressure upon the same area is increaaod by increasinfi the perimeter. 
The pressnre upon a i ft. plate ia proportionally less than that npon a plate 
either half 01 double its size. The pressure npon any aurfoce is but slightly 
altered by a cone or rim projecting at the back, a eono seeming to canse a 
slight increase, bat a rim having apparently no effect. This result is of 
importance, since a presanre plate for permanent use should be of some 
material which will not warp, and if thin metal be used a rim ia necessary to 
obtain the requisite stiffiiess. As might be expected, a cone in front greatly 
rednees tbe pressure. 

There are many directions in which it would be interesting to push this 
investigation ; so many, indeed, that it is difficult to choose between them. 
I hope, however, to be able to extend the results to larger snrlaces by some 
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method of comparison, such as balancing two plates exposed to the natural 
wind against each other by levers of different lengths; also to check this 
series of experiments and those made by Mr. Whipple and myself with the 
Robinson cups last year by placing a set of hemispherical cups with a 
maximum speed indicator attached by the side of a maxhnum pressure plate. 



264 




— W 



FlO. 2. 



Fig. 2 shows the moment in feet and pounds of the force exerted by the 
wind when blowing at a rate of 20*94 miles per hour upon a 5 inch Robinson 
cup, mounted on ^ in. rod with its centre 1 foot from the axis. The figures 
placed against the angles indicate the moment exerted when the cup is in the 
corresponding position. The moment is of course negative in the lower half 
of the circle. 

The values in the other half of the circle are practically symmetrical. 

In conclusioD, I have to acknowledge the assistance of Mr. Whipple in 
some of the experiments, and his kindness in measuring some of the plates, 
also to thank various Fellows of the Society for their suggestions, and the 
Meteorological Council, for a grant which has enabled me to carry on the 
experiments. 



DISCUSSION. 

The President (Dr. Marcet) took advantage of the opportunity to thank Mr. 
Dines for his kindness and courtesy in inviting the Council and Fellows of the 
Society to witness his experiments at Hersham. The visit had proved highly 
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interestmg. He congratulated Mr. Dines on the success of his experiments. 
observing that it was remarkable the circular holes in the pressure plates failea 
to cause any difference in the amount of wind pressure. 

Dr. Tripe congratulated Mr. Dines on having attained such good results, with 
what at first sight appeared to be such primitive apparatus. He could not but 
admire the ereat amount of mechanical knowledge displayed in the construction 
of the whirling machine, and in the various contrivances devised by Mr. Dines 
for satisfactorily carrving out these experiments. The uniformity of the wind 
pressure upon the different sizes and shapes of flat plates of the different sizes 
experimented with, was a very striking result. He was surprised, too, that the 
pressure upon a small area should be so high compared with the pressure 
upon larger plates. One of the chief points of these experiments was that 
reliable pressure results had been obtained for a given wind velocity, but it 
must not be supposed that twice this given velocity would give only twice the 
ascertained pressure at double the velocity, because the pressure varied nearly 
as the square of the velocity. 

Mr. Baldwin Latham said that the results obtained by Mr. Dines would be 
extremely valuable to the engineering profession. It was curious that they came 
very near to the ordinary rules adopted by engineers in the construction of works 
in which wind pressure had to be taken mto account. It was generally assumed 
that the pressure of the wind upon a circular chimney was about 30 per cent, less 
than on a square one, and Mr. Dines* experiments showed this was correct. He 
hoped Mr. Dines would continue these experiments and ascertain the pressure 
upon other structural forms, such as the prism, in order to ascertain the effect of 
an angle presented to the wind, and also upon octagonal columns, which form 
was much used in the construction of chimney shafts. 

Mr. Chatterton felt sure that there were very few engineers who would not 
be gratified with the results embodied in Mr. Dines^s paper. The experiments 
were certainly the most complete that he know of. With regard to the pressure 
plate perforated with holes, if we could imagine that to represent a section of 
a lattice girder bridge, it appeared that the rme among engineers in calculating 
the amoimt of pressure such a bridge would have to withstand was wrong, for 
the calculation was usually based upon the area of the iron surface only. He 
would like Mr. Dines to make similar experiments to those described in the 
present paper at higher velocities, say up to 60 or 70 miles per hour. 

Mr. Lauohton said that he did not understand the varying pressure on vary- 
ing areas. Were we also to assume, from the experiments made with a perfor- 
ated plate, that the pressure upon a lattice surface, such as, for instance, the 
Eiffel Tower in Paris, was the same as upon a close surface ? He should like to 
see some more pressure experiments made in this direction. The effect of a 
varying perimeter, the area of the surface remaining the same, also needed 
further investigation. Meteorologists and engineers certainly owed Mr. Dines 
their hearty thanks for the work he had accomplished. 

Mr. Whipple said the Society was fortunate in having in Mr. Dines a gentle- 
man who not only possessed the ability as a mathematician and a mechanical 
engineer to carry out these experiments, but also had the leisure to devote to such 
work. The results of these pressure experiments were of extremely great interest, 
and certainly showed that meteorologists had been working in the dark in the 
question of anemometry. The effect of a cone at the back of the plate was an 
important matter, it being generally supposed to make some difference in the 
amount of pressure upon the front of the plate. The late Mr. Cator had con- 
sidered the introduction of this cone an important feature in his recording 
anemometer, but Mr. Dines's experiments showed that a cone made no appreci- 
able difference in the pressure exerted upon the plate. It was curious that a 
rectangular plate 16 ins. by 1 in. should experience a pressure of 1*70 lbs. while 
the pressure upon a square plate of the same area was 1*51 lbs. The results 
obtained from experiments with perforated zinc plates were certainly most inter- 
esting. It was also remarkable that the pressure upon a Robinson cup should bo 
greater when inclined at an angle to the direction of the wind than when the 
wind was blowing directly upon it. He thought these experiments would put us 
in the way of getting accurate results on this question. Kegarding the methods 
adopted by Mr. Dines, he could not but admire the ingenuity displayed in fixing 
the pressure plates to the arm of the whirling machine. 
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Mr. C. Harding inquired whether Mr. Dines had tested the perforated plate 
at different yelocities, as one would suppose the effect would be different at 
different velocities. The usual formula for ascertaining preasore from Telocity 
was vel. sq. X *005 = P, and this would give, for a velocity of 21 miles per hour, a 
pressure of 2*2 lbs. on the square foot, instead of 1*5 lbs. as shown by the experi- 
ments. An important feature of Mr. Dines's machine was that it created no 
swirl of air. 

Mr. Ellis said that it was very satisfactory to find that the pressure in lbs. 
on the square foot came out so nearly the same with the various sizes and shines 
of simple plates used, for this fact was important as affectine anemometers, the 
size of the pressure plate of the Osier anemometer of the Koval Observatory 
having, for instance, been more than once changed. It had been a question 
whether plates of different sizes gave accordant results, and it now seems that 
within small limits they do so. It was to be hoped that Mr. Dines would be able 
to further continue these important experiments, in which evidently there was so 
much that might be done. The results refer to mean pressure. Of course, 
greater pressures are registered than these experiments, on the ordinary relation 
of velocity to pressure, indicate as probable, although extreme pressures were per- 
haps not really so great as had once been supposed. 

Mr. Lecky thought a good deal depended on the size of the holes, and suggested 
the trial of what the effect would be if the same area were removed from the plate 
by one or two holes instead of by eight. 

Mr. Harries remarked that Mr. Dines had shown by previous experiments 
that the factor for Robinson's cups should be reduced by about 29 per cent, and 
now the result of his experiments for the present paper showed nearly the same 
ireduction necessary in the factor hitherto used for converting velocity into pres- 
sure. The significance of these modifications would be better understood if we 
take an anemometrical record which, under the old rule, would be represented by 
a velocity of 70 miles an hour, or a pressure of 24'5 lbs. per square foot. By the 
most recent factors the velocity falls to 50 mUes, and the pressure to 9 lbs. 

Mr. W. H. Dines, in reply, said that he had made experiments at every velocity 
of which the machine was capable, and that the pressure at any velocity could 
be obtained from that given in the table by remembering that the pressures 
varied as the squares of the velocity. He could not give any reason for the fact, 
but certainly the pressure upon a small area, such as a circle of 2 or 3 inches 
diameter, or a strip 1 or 2 inches wide, was proportionally greater than upon a 
larger area. He thought that this explainea the curious result obtained when 
holes were drilled in the flat square plate. Parts of it then approximated in form 
to a narrow strip, and the increase of pressure upon these parts compensated for^— - 

the loss of total area. The experiments showed that increasing the perimete i 

increased the pressure, and thus the wind pressure upon a lattice girder woold V m 

greater than upon the same total area collected into a compact form. Placing <^m= 
cone at the back seemed, if anything, to increase the pressure, and this did no"^ 

uphold the theory that a partial vacuum was formed at the back. This resul ^ 

was not surprising, since theory showed that in cases of steady motion th> « 

velocity was greatest where the pressure was least, and as the motion of t)ie a 
at the back of a plate could not be very rapid, we could not expect any decreai 
of pressure. The old formula was P = '005 v* ; P being the pressure in lbs. ] 
sq. ft., and v the velocity in miles per hour, but some recent books had substitul 
'003 for '005, and this new value agreed with his experiments. He thought 
useless to try to compare the pressure with the record of a velocity anemometi 
because, apart from the uncei*tainty about the value of the Robinson factor, 
was only the mean velocity over a considerable period that was recorded, 
had just seen the account of some recent American experiments which shoi 

that the anemometer used by the Signal Service generally gave 10 per cent 

high a velocity, in consequence of the tendency of the instrument to record €J*e 
mean square rather than the mean velocity of a variable wind. 

Mr. Whipple remarked that the factor for converting pressure into veloci/^ 
was originally given as -0023. Regarding the American experiments referred to 
by Mr. Dines, it was noteworthy that the apparatus used was almost an exac/ 
copy of that constructed by Mr. Dines. 






BUS8SLL — ^WDfD STORM AT STDMST, NBW SOUTH WALES, JAN. 27, 1889. 191 

WIND STORM AT SYDNEY, NEW SOUTH WALES, 

JANUARY 27th, 1889. 
Bt H. G. RUSSELL, B.A., F.B.S., Governmont Astronomer. 



[ItcceWed May Ist— Bead May 15th, 1889.] 

The following case of house destmction by wind may be of interest to the 
Fellows of the Royal Meteorological Society : — 

On Sunday, January 27th, 1889, I was standing in the Observatory 
garden, watching a thunderstorm approach from West-south-west against 
a fresh North-east wind. The storm-cloud seemed very dense, and light- 
ning came from it frequently. At 8.50 p.m., seeing that the squall was 
just upon us, I went into the Observatory and made the electrical contacts 
for recording gusts of wind : this recorded the most severe gust, at 8h. 5dm., 
as having a velocity of 68 miles an hour, and for two minutes the record 
showed many gusts equal to 60 miles per hour. About 8 miles west of the 
Observatory a house was completely shattered. 

The owner's story is as follows: — ** Iwas standing in my bedroom, playing 
with my child, and my wife was sitting near me. Hearing a great noise, I 
. looked up and saw the roof disappearing, and the three stone walls falling 
away from me, while at the same moment the wooden partition fell against 
my back. Neither my wife, child, nor myself were hurt in any way, but 
our iron tubular bedstead was destroyed, three of the legs being broken off 
just under the mattress; the rest of the furniture was more or less damaged, 
and the wonder to me is that we were not killed. It all happened in a 
moment, and I cannot give you any more particulars ; it seemed all so quick, 
I had no time to see what was going on/* 

It is clear that the walls fell cast and west, each in one piece, and that 
the joints did not break until they struck the ground. The shop front was 
carried bodily some distance down the street eastward, and the roof disap- 
peared entirely ; the next house eastward was not damaged ; the one west 
of it had part of the roof carried away. About 200 yards east stands a 
badly built two-storied house. All the covering of the roof was taken off 
this, and the walls cracked so much that they are no longer safe. About 
150 yards further on stood a tree (the common willow), the stem of which 
was broken off at eight feet from the ground, where it was 18 inches in 
diameter. This tree stood in the yard of a cottage which next felt the force 
of the wind; the roof was pushed out of shape, but not lifted, and the 
verandah roof in front was torn off (the cottage faced east). The gust then 
seems to have crossed an arm of the harbour and damaged some houses 
there, but not to any serious extent. 

The area of damage is small, only about 850 yards long and 60 yards 
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wide ; there are not many houses at this point, bnt enough to indicate the 
limits, and they are all poorly built. 

The velocity of the wind must have been very much greater where the 
house was blown down than at the Observatory ; and it should be mentioned 
here that a careful examination of all the buildings injured for traces of 
electrical action revealed nothing. The line of damage, which I assume 
to be the direction of the gust of wind that did it, is from North-west to 
South-east, and the storm was moving from West-south-west to East-north- 
east. 

The house destroyed stood between two others ; the one to the west of it 
being a little larger, but having its walls made up of firagments of stone, not 
solid rectangular blocks like the other, and it received very litUe damage. 
There is a slight depression in the ground, and the wind came down this on 
to the house that was destroyed. 

The damage may have arisen in this way : the wind rushing down the 
street in front of the houses drew out the shop front, which in falling acted 
as a shoot, or windsail, and turned the wind into the house, where it lifted 
the roof and forced out all the walls ; but this view does not acconnt for the 
man's experience, viz. that the partition fell against him without hurting 
him, for he was standing between the partition and the back wall, and if the 
wind had come in the front way with force enough to drive out all the walls, 
he must have been injured between the partition and the back waU, for the 
partition extended right across from wall to wall, and was fastened to the 
fillet. Nor does it account for the damage done to the bedstead. 

The other view, viz. that the wind going over the house created such m 
vacuum that the air within, expanding, forced out the walls and lifted the roof, 
would accord with the man's statement, '* that the partition fell against him 
without injuring him ;" but it also fails to account for the broken bedstead, 
and it is difficult to see why in that case the adjoining houses did not have their 
roofs lifted also. The man when questioned said that he heard thunder ^' 8 or 
4 minutes" before the house fell, but none at the time, agreeing with my own 
observation; for I saw no lightning nearer to the Observatory than 4 miles, 
judging by the interval from flash to sound, and that was not in the direction 
of the house destroyed, but to the south of it, as seen from the Observatory. 

There was nothing worthy of special note in the barometer changes: 
there was but a slight change, and the slight depression in the ground down 
which the gust came seems to me insufficient to account for the intensity 
at the point of damage, and there is certainly no obvious reason why the 
houses on the left should have escaped ; they are not so strongly built, and 
have nothing to protect them on the side the wind came from, while they 
stood as a protection to the house destroyed. The only difference of any 
importance was that they were dwelling-houses with small windows and 
doors, and an otherwise solid front, while the house destroyed had a light 
front of wood and glass, 
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DISCUSSIOxN. 



Mr WuiPPLE said that this storm appeared to be analogous to some of the 
American cyclone storms. He had read accounts of this kind of tornadoes in 
the reports of the United States Signal Service. It was interesting to have 
photographs of the damage done by such storms, as they tended to coi^rm the 
accounts describing the violence of the wind. He recollected that Mr. Symons, 
some years ago, read an account of a similar storm which occurred at Walmer, 
in Kent. 



ON AN 

IMPROVED METHOD OF PREPARING OZONE PAPER, 

And other Forms of the Test, with Staroh and Potasaium Iodide. 

By CHARLES HARRISON BLACKLEY, M.D., F.R.Met.Soo. 

(Plate XI.) 



[Jieceived March 2lst.— Read May 15th, 1889.] 

Some twenty 'five years ago I had occasion to make a series of experiments 
on the action of ozone on the respiratory passages. At that time the two 
test papers in general use were Schonbein's and Mofiatt's, My first experi- 
ments were made with papers prepared on Sch6nbein*s method, which had 
been procured from one of the London dealers. For the object I had then 
in view these answered very well; but on making further experiments, for the 
purpose of getting some idea of the relative amounts of ozone in the atmo* 
sphere at various points on the scale, I found the slips of test paper did not 
always give the same result when two or more were exposed under precisely 
the same conditions. Occasionally, when three or four slips were exposed 
together, no two of them would be exactly alike ;^ and there would often be a 
difference of two degrees of Schonbcin's scale between them. 

This defect led me to endeavour to correct it by having the test papers 
prepared under my own superintendence with varying modes of manipula- 
tion, and also by combining other materials with the starch and the re-agent. 
So far as the paper process was concerned, the result, though better, was 
not a success. Other methods were also tried by having the starch and po- 
tassium iodide combined with gypsum, with oxide of zinc, or with chalk. 

In the case of the two latter they were either spread upon paper or used 
in the form of dry powder. In the case of the gypsum, the starch and the 
re-ogent were mixed with it and with water, and then cast into thin plates. 

1 From a correspondence I had at that time with the late Prof. Daabeny, of Oxford 
it appeared that he and others had similar experience. 
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These Tarions methods gave rather better resnlts, bnt were not as even aD» 
tmstworthy in their action as was desirable. 

In the course of these experiments it occurred to me that it might be welK^^wdl 
to try what reaction would take place between unboiled starch and potassiunKX-KWn 
iodide when exposed to the influence of ozone; but the difficulty of getting cx£iig 
this spread evenly upon paper by hand, so as to ensure a perfectly even tint ^.cx-nt, 
after being acted upon by ozone, led me to devise a somewhat novel metho£x^'od 
of accomplishing this. Briefly described, it may be said to be a method hy^^^hy 
which the starch is deposited on the surface of the paper by precipitation, an^^-^^Dif 
for delicacy and precision in regulating the quantity on any given surface 
it leaves, I think, very little to be desired. 

For many ^ears these investigations have remained in abeyance, owing 
lack of time to enable some of the details of the method to be completed. 
Having, however, lately taken the subject up again, I have thought it desir- 
able to bring my method of working under the notice of the Society. Ik 
describing the plan pursued, this may for convenience be divided into two 
parts^ The first object was, as I have intimated above, to deposit upon a 
given surface a given quantity of the unboiled starch ; and secondly, to charge 
this with a given quantity of the potassium iodide, so that any portion of a 
sheet should contain exactly the same quantity of the starch and the re-agent 
as any other portion of the same area. 

The apparatus shown in figs. 1, 2 and 8 (Plate XI.) makes, when fitted up, 
a sort of shallow cistern, which allows the starch to settle down, whilst at the 
same time it permits the water to drain away. 

The sheet of plate glass H (shown in fig. 8) is covered with stout cam- 
bric drawn tightly over it and fastened at the back. This is then well 
wetted with distilled water, and upon this is placed a quarter of a sheet of 
the best English filtering paper (demy), after having been soaked in distilled 
water. These are then placed upon the frame A, and levelled carefully by 
the aid of a spirit level, and by means of the feet D D D. The frame E F 
is then placed exactly in the centre of the sheet, and the weights J J J J 
are placed in position, as shown in fig. 8. The spirit level should now be 
used again, to ascertain if the glass plate is still perfectly horizontal. The 
sheet is now ready for receiving its charge of starch ; bnt it is necessary here 
to say that, if this is deposited pi^re on the surface of the paper, it will lie 
on it as a partially loose powder unless it is fixed in some way. This is 
easily done by boiling two grains of starch in 8,000 grains of distilled 
water (= 1 in 1,500), and by adding to this the quantity of starch* to 
be deposited after the fluid is quite cold. 

In the specimen on page 1 of the book exhibited a frame of 20 centi- 
metres wide by 26 centimetres long has been used. This would give 520 
square centimetres. If, however, I had to begin the experiments again, I 
should make the frame 20 by 25 centimetres, for reasons that will presently 

^ I have used varions kinds of starch, but on the whole prefer Colman*8 No. 1 White 
Starch to anj that I have tried so far. 
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be given. A frame of these latter dimensions would enclose a space that 
would contain 500 square centimetres. Twenty-five grains of starch (with a 
Borplus of three grains for waste) are now gently moistened, and the 8,000 
grains of starch water, spoken of ahove, are added to the starch. The 
miziore is then filtered by being run through a couple of layers of coarsish 
maslin, and, after being well stirred so as to keep the starch equally difiused 
through the water, the entire quantity is poured quickly into the space sur- 
rounded by the firame E F. This is then covered, and the whole is allowed 
to stand for three hours. At the end of this time the starch will have de- 
posited, and the water will almost entirely have drained away, so as to allow 
the glass plate to be raised up so that the sheet may dry in Htu. Each 
square centimetre will contain 0*05 of a grain of starch, or ^th of a grain. 
1£ the various processes have been properly managed, the sheet will have the 
Appearance of the specimen on page 1 of the book, and it will be seen, when 
examined by transmitted light, to have a perfectly even layer of starch in 
«very part of the sheet that has been enclosed by the frame. 

The next process is to charge the sheet with its due quantity of potassium 
Iodide ; and this is, perhaps, one of the most important, and, at the same 
time, one of the most delicate, of the processes, but is quite easy if care is 
taken. 

• In covering the paper with its layer of starch it is not a matter of much 
consequence what thickness of paper is used; but it becomes a matter of 
considerable importance when we come to charge the sheet with potassium 
iodide. The English filtering paper used in these later experiments weighed 
a little over 52 grains to the quarter sheet of demy (522 grains to the ten 
quarter sheets). These vary a little, but not so much as to afiect the depth 
of colour very perceptibly after being prepared and exposed to the action of 
ozone. This paper is somewhat irregular in its texture, and this accounts 
for the dappled appearance of some of the specimens, but on account of its 
freedom from chemical substances likely to afiect the action of the iodide, it 
is, on the whole, preferable to any that I have tried hitherto. It is, how- 
ever, probable that a paper of a perfectly even texture and at the same time 
free from size or any chemical substance capable of interfering with the 
action of the ozone will yet be obtained. 

In working now I cut down the quarter sheets at one end so as to weigh 
an average of 50 grains each. On trial it was found that a quarter sheet of 
this weight would easily take up 200 grains of water without allowing any of 
it to run ofi* if placed upon a sheet of plate-glass that had been set perfectly 
horizontal. But to the weight of the sheet of 50 grains (if prepared with its 
charge of starch) 25 grains in weight must be added, so that the whole would 
weigh 75 jgrains. To saturate this with a ten per cent, solution^ of the iodide 
we dissolve 7i grains of the latter in 200 grains of water, and after this has 

^ In my experiments I have used both a ten per cent, and a five per cent, solution, 
and it is not yet quite a settled question with mo which will be the better to be used, 
but it would take up too much space to discuss the matter in the present paper. A 
** ten per cent, solution *' moonB simply ten per cent, of the weight of paper and starch. 
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boon allowed to satarato tho shoot in the manner indicated above it is allowed 
to stand in a warm room until the water has almost entirely evaporated. A 
frame, similar to the frame E F, bat measuring one eentimetife larger each 
way, is now placed upon the sheet, and after the edges have been pasted and 
turned up on to the frame the sheet may be lifted and placed horizontally, 
and when dried is ready for use. 

In the specimens submitted it will at once be noticed that the colour is 
vory different to that obtained by using SchOnbem*s or Moffatt's paper. In 
those papers, as every meteorologist knows, the colour is at first of a purplish 
tinge, changing to blue on being soaked in water. In the specimens submitted 
tho tint, as will be seen, vanes from a pale delicate yellow to a deep rich 
brown, or even to a brownish black. It will, however, only be after a very 
prolonged exposure to the influence of ozone that the papers will show the 
deeper shades of the colour. As a rule they will not pass much beyond l^e 
middle tints with a twelve or twenty-four hours* exposure. 

The cause of this difference in colour between papers prepared with boiled 
starch and those prepared with unboiled starch, on my method, is not very 
easy to explain. Possibly it may be due to some alteration in the chemical 
condition of the starch which boiling produces, or it may be due to mere 
differences in the physical condition, causing some colours to be absorbed in 
the one case and reflected in the other. There is, however, this curious fact 
connected with the phenomenon, that if a piece of the paper, prepared with 
tho unboiled starch, is submitted to the action of tho vapour of iodine before 
it has been charged with the potassium iodide, it oxhibits the purplish tinge 
and not the pale yellow or the brown. It is also important to notice another 
difference between the two papers. In those prepared with the boiled starch 
the colour begins to fade as soon as the paper has been made wet. In those 
prepared with the unboiled starch the colour is much less affected by being 
made wet ; the paper may be wetted and dried several times before it is 
entirely driven off, unless the potassium iodide is entirely dissolved out of it 
at the first wetting. Another important difference is that in the last-named 
paper there is no actual change of colour when wetted, as there is in the 
other. The tint is deepened for tho time being, but on drying it resumes its 
former shade or becomes a little paler. 

For many years it has been a favourite idea with me that if the tint could 
be fixed by some means after the papers had by exposure been coloured up 
to any point in a given scale, it would be an advantage. 

Many attempts were made to do this, but with very unsatisfactory results 
until recently. Latterly I have used a thin solution of gum mastic in 
benzine (such as is used by tlic photographers, and is called by them Crystal 
Varnish). When tho papers are soaked in this varnish, after being coloured, 
it simply deepens tho colour, just as in wetting, but it remains deepened, 
and so far as I can judge at present, appears to be more or less permanent.^ 

1 After soakin:]!, the snperfluoua varn^^h showld bo rapidly absorbed by blotting 
pai>cr, so as not lo allow tho paper to leave any gloss upon it when driedi 
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Tho specimens on pages 2, 8 and 4 of the book* exhibit the difference be- 
tween the nnvamished and the Tarnished. Nos. 2 and 8 are pieces that 
liave undergone exactly the same exposure, having been cut from the same 
sheet. No. 8 is the yamished portion. No. 2 is the unvarnished one. Nos. 
4 and 5 in like manner are portions from another sheet, and have had the 
same exposure, but No. 4 is the unvarnished one and No. 5 is the varnished 
oxio. Nos. 6, 7, 8 and 9 are specimens of deeper shades. Nos. 7 and 9 
Tarnished, 6 and 8 are unvarnished ; and it will be noticed that these 
undergoing some change on the margins of the papers, whilst the other 
'L'wo pieces are unchanged. 

Nos. 10 and 11 are again still deeper shades, such as are rarely ever seen. 
l^^os. 12 and 18 have been partly coloured by ozone at the sea-side, and 
partly by exposure to the vapour of iodine. In each pair of specimens the 
cleeper tint is the varnished one, but tho pair has in every case been sub- 
J eeted to the same influences. 

On page 7 are other specimens showing also the difference that varnishing 
^3iakes in the lighter tints. By a comparison of the difference made in the 
lighter and the deeper shades, it would appear that this difference increases 
mn a somewhat geometrical ratio. 

On page 8 (No. 28) is an entire quarter sheet that has been exposed and 
"iramished to give an idea of the regularity of tint that may be got if due care 
OB taken. The slips top and bottom are unvarnished, and show the tint of 
^e larger sheet before being varnished. 

On page 5 are four specimens (cut from tho same shoot) which show the 
Siregularity that sometimes occurs in the preparation of papers on Sch6nbcin*s 
snethod. In this case tho sheet was soakod in tho starch and hung up to 
dry in the usual way. 

It may possibly be asked if a scale has been constructed to suit this new 
plan of preparing an ozone test. To this question, if asked, I should, at tho 
present time, have to reply in the negative. Tho specimens on page 6 and 
on page 22 have somewhat the appearance of a scale in each case, but have 
not been prepared with that object. In those on page 6 the deposit is on 
paper. In those on pago 22 the starch is deposited on thin microscopic 
covering glass, and both sets were prepared to give an opportunity of testing 
the result when the deposit is made on two such different substances. Those 
on the thin glass on page 22 are decidedly the best, and in constructing a 
scale I should use the glass as a basis for the deposit. The glass, too, has 
an additional advantage which I must not forgot to name. In the lighter 
and, to some extent in the middle, tints, it is only the more superficial layers 
of starch that become tinted to the full extent that the amount of ozone will 
cause ; whilst the deeper layers take on scarcely any colour. This difference 
can be seen and fairly estimated when glass is used, but in the paper process 
there is no possibility of properly estimating the difference in the tint of the 
deep and superficial layers, and this would bo a matter of considerable 
importance in constructing a reliable scale. 

Exhibited at tlie Mcctiug. 
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Results of Meteorological Observations made at Akassa^ 
Niger Territory, February 1887 to October 1888. 

FRANK RUSSELL, F.R.G.S., an Officer for the Niger Territories. 
(Commanicated by Robert H. Scott, M.A., F.R.S.) 






[Beodyed February 20th.-Bead May 16:h, 185P.] 

is the Seaport and principal Dep6t of The Royal Niger Company, 
^Dg situated at the month of the Nan River in the Niger Delta — upon an 
d bounded on its landward side by the Sengana River. Its position 
long. 6° 20' lO'' E. and lat. 4° 20' 0" N. The general character of the 
d in the neighbourhood is low and swampy, overgrown by mangrove trees. 
TThe station lies in a clearing close to the sea shore, being but 8} miles 
m the river bar, and about 8 miles from Cape Nun. The river is 
miles in width at the place. The Observatory is distant 120 yards from 
^^ dwelling-house— the nearest building to it — and about three times that 
ce from the nearest trees. It is in close proximity to water on the east 
^ south, and the swampy flat on which it stands is occasionally quite sub- 
«rged during heavy rains. 
My equipment consists of the following instruments, by Troughton and 
^onms, London, with Eew certificates : — Standard Fortin barometer ; standard 
ermometer ; maximum (Negretti's) and minimum thermometers ; dry and 
^t bulb hygrometer ; radiation black-bulb maximum in vacuo ; grass 
inimum; Howard 5-inch rain-gauge; Robinson anemometer — improved 
rtable form ; wind vane, plain but very sensitive ; also one of Negretti*s 
iversally mounted sunshine recorders (glass sphere). 
The exposure for shade consists of a Stevenson double-louvre screen, 
liose interior dimensions are — length 18 ins., height 15 ins., and breadth 11 
,, with double roof and ventilated bottom, standing 4| feet from the ground, 
is extra height it is intended to reduce by adding a layer of soil a depth of 
ins., bringing the level this much above its present wet one, so as to 
ove the drainage within a limited area of the thermometers. The screen 
^:^<penB to the North by a hinged door. 

The solar radiation thermometer is fixed, at the same height, to a stand 

^^rhioh consists of a wooden post, at the top of which its clip is secured. 

*^llie grass minimum has a similar clip holder, fixed to a wooden block 6 ins. 

^y 4 ins., painted black, so that the thermometer is thus held level with the 

%op of the grass (Cynodon) which grows sparingly over the sandy soil. The 

Sunshine recorder stands upon a brick pedestal, and is placed accurately in 

^e meridian, at a height of 4^ ft. The rain-gauge is exposed, with the rim of 

KBW 8IBIE0. — ^VOL. ZY. Q 
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the reeeiver 1 foot above the gronnd, dear of all obstraotioii. The wind van 
is fixed upon a pole at an elevation of 15 feet and the anemometer similarl 
at a height of 12 ft., with steps to enable the observer to take readingE 
The wind vane, I should add, is plaeed in tme meridian line, and the cardim 
points and subdivisions can be read off firom the ground. The baromete 
is placed in my room in the dwelling-house, the cistern being 21 fL abov 
sea-level. 

On leaving for England on furlough, without being able to arrange for 
continuance of the observations during absence, I have dismonnted tli 
instruments, and they are now being re-tested at Eew. The records will I 
resumed on my return, probably about April or May 1889. 

The Observatory is Astronomical as well as Meteorological, but as ih 
tclescopc-houso was only recently fit to receive the instruments, little progres 
could be made beyond a few preliminary adjustments for meridian maA 
(&c., with a large transit theodolite (also of Troughton*s) with 8-inch circlae 
When everything is in working order I hope to fix the geographical posi 
tion of this and other important points with more precision than a 
present obtains. 

Barometer, — The accompanying summary gives the means dedaced iron 
two observations daily at the hours of 9 a.m. and 9 p.m. 

During February 1887 extra observations at 1 p.m. and 5 p.m. were made 
and with those the mean becomes 29*899 ins. as against 29*905 ins., differenc 
0"006 in. Occasional records have been taken at intervals of three hoon 
but for want of the night readings it is not possible to say certainly whethe 
the mean would vary, or to what extent. 

A self-recording aneroid was also used for some time; the instnuneni 
however, for want of proper test, could not be depended npon ; neithc 
by comparison with the standard, for a constant error, nor for accuracy c 
the driving clock, which was found at the end of each week to lose abou 
seventy minutes. It gives nevertheless a good general idea of the smallnes 
of the fluctuations from hour to hour, also the apparent regularity of ih 
daily maxima and minima, of which two are easily traced, occurring betwee 
the hours of 9 and 10 a.m. and 8 and 4 p.m. ; the day nuiTify^iiTn and min 
mum being more marked than the night. 

The monthly inequalities have their greatest divergence in 1887, bein 
0-211 in., and 0*161 in. in 1888, greatest in July each year and leas 
in March-April. The oscillation was greatest in May 1887 — 0*241 in. 
and least in July 1888 — 0*098 in. ; the mean for the whole period c 
twenty-one months being 0*166 in. The greatest pressure registered wa 
on June 29th, 1888—80*184 ms., and the least on March 28rd, 1888- 
29*800 ins. ; the difference amounting to 0*884 in. The mean pressur 
is given as 29*987 ins. 

Temperature, — The figures given in the Table are deduced from dail, 
observations off the maximum and minimum thermometers. As, however, th* 
hygrometric values are computed from the readings at 9 a.m. and 9 p.m. 
these dry bulb values are included for comparison. 
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The highest means are shown for the months of December, January to 
April, and the maximum for the year aboat the middle of April. 

The lowest mean temperatures were during the months July to Sep- 
tember, and the minimum for the year occurred about the end of August. 

The difference between the maximum and minimum temperatures for 
each month is greater in the hot than in the cold months. 

The mean temperature for August is 2^*7 below the mean for the twenty- 
one months under review, while that for April is 2^*0 above, and the mean 
temperature of these two months differs but 0°'8 from the general moan, 77^*9. 

The highest temperature recorded in the shade was 92^*5 in February 
1887, being 6°'6 over the average for that year and 6°*2 above the periodic 
mean. The lowest, 62°*9, occurred in May 1887, the difference from the 
means being 5^*4 and G°*8 respectively. This reading, however, was 
on two occasions only exceeded by small amounts, viz. February 1° and 
August l°-2. 

Radiation. — The readings of the black-bulb thermometer in vacuo in the 
sun's rays give the foUowing results :— During the sixteen months July 
1887 to October 1888 inclusive, when observations have been regularly 
made, the highest recorded amount was 166°* 4, in November 1887. 

The lowest temperature on the grass for the same period was in August 
1887, 67°'2. By combining those results wc find the entire range to have 
been 109^-2. 

The mean range for the entire period was 70^' 5. The least mean daily 
range results in the month of June 1888, being 59^*9. The greatest range, 
77^-0, was in April 1888. 

Sunshine. — Records have been taken for the duration during the five 
months, June to October 1888, giving as result: — Highest per cent. 24*2 
in the latter month, and lowest 10*4, as mean for July. 

Vapour tension, — The greatest daily amount of range is shown by the 
observations for the month of April in each year, '096 in. being recorded 
in 1887, and *048 in. in 1888. The average is about a twelfth part of the 
mean for the month. 

The observations for February point to a least amount of vapour being 
present in the air about sunrise, increasing up to an hour or two after 
noon, then decreasing until next morning, the mean diurnal variation 
amounting to about one-sixth of the average quantity present. 

The results for the whole period under review indicate a least quantity in the 
air during the months of July and August, and greatest in March and April. 
The mean difference amounts to '140 in., or about one-eighth part of the 
mean for the twenty-one months. 

The mean percentage of relative humidity for the whole time stands at 
87*7, that of the month of July is in greatest defect whilst January and 
October are each the greatest amount in excess. 

Rainfall, — ^The total fall measured for the period of twenty- one months 
was 249 ins. on 881 rainy days, or 59 per cent, of the whole number 
involved. 
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Tho months which combined coairibnted the larger number of wet days in 
the total were Jane and July in each year, 47 and 87 respectively ; Angost, 
88; September, 56; and October, 51. Those of least number were 
December, January, February, and March. 

The periods of highest rainfall are shown as haying been the Octobers, 
55 ins. ; Mays, 87| ins. ; and Junes, 84 ins. 

The annexed list giyes the dates in each month of greatest fall in twenty- 
four hours : — The heaviest showers recorded occurred on May 27th, 1888, 
5-90 ins. in 5^ hours, wind East ; April 16th, 1887, 8*55 ins. in 10| homrs ; 
and on February 14th, 1888, 2*58 ins. in 8 hours. These were all accom- 
panied by electrical disturbance and winds of greater or less force. 

Of the total rainfall the highest percentage, both in respect of frequency 
and quantity, was due to South-west winds; the next value being with 
calms or Southerly winds. The tabulated simimary gives 55*6 per cent, due 
to SW, W, NW, N winds, and 22*0 per cent, due to NE, E, SE, S winds. 

FogSy Mists, dc, — ^In an atmosphere so highly charged with moisture, 
relatively, these phenomena were prevalent in variable intensity at all 
times of tho year. During the early months of December 1886, January- 
February 1887, the North-easterly and Harmattan winds contributed their 
mixture of fine dust with mist caused by evaporation ; from May to November, 
the effect of condensation, from a mixture of fresh water of variable tempera- 
ture brought down by the first rising river, with the sea, is observable. 
Nightly mists are sot up by radiation ; and although fogs may not always 
precede, they invariably follow heavy rains. 

Electrical Disturbances. — Thunderstorms were of frequent occurrence. 
The months in which they prevailed most frequently were March, April, and 
May. Some unusually heavy thunderstorms happened also in October and 
November. 

Winds. — Tho velocity of the wind has only been taken instrumentally, at 
daily periods, from July 1887 to October 1888. The average per hour is 
given in the Table. Tho highest amount recorded during 12 hours, 9 a.m. 
to 9 p.m., was 197 miles in September, and the lowest during the night, 
9 p.m. to 9 a.m., December, 0*6. The mean velocity per hour for the days 
was 8*1 miles, and the nights 1*6 miles ; the movements, however, being 
most rapid from 10 a.m. to 4 p.m. daily. 

Tornados have been rathor frequent, but of limited violence. These 
occur at the change of seasons, both before and after ** Harmattan." 
To judge from the amount of destruction to shipping on the West Coast, the 
month of May would show the highest record. They may, however, spring 
up at other times, especially during a period of great heat, this being one of 
the most usual indications of their, approach. As the storm is forming, 
there appear certain other premonitory symptoms, not the least remarkable 
being an oppressive stillness of the air ; not a movement of leaf or blade 
of grass, as every living creature, instinctively anticipating some unusual 
ocoarrcnce, betakes itself to secure shelter : even the persistent insect life 
disappears, with the clamour of frogs and grasshoppers, and a silence at once 
unnatural and awe-inspiring ensues. 
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The sky, previously of clear and dazzling blue, is shrouded in a brownish 
dingy haze, thickening down on that part of the horizon from which the 
storm is approaching into clouds of sombre black, which now assume an arched 
shape, disclosing an nnder-cloud of grey, that by comparison seems almost 
white. This lighter coloured part accompanies the wind, the heavy black 
doud being driven before it, and according as this arch is more or less dis- 
tinctly defined, the force of the storm may be estimated. When much rain 
is also being discharged, the edge assumes a ragged and changeable form, and 
the storm is probably much modified by the time it reaches us. 

The more rain the less wind appears to hold good in these cases. The tem- 
perature now begins to fall rapidly as the first breath of cool air is felt, and 
laden as it is with the malodorous effluvia of swamp and bush, is very liable 
to cause ague symptoms unless extra clothing is put on. Sharp peals of 
thander, followed by vivid flashes of lightning in quick succession, are the 
accompaniment to the deepening roar of the fast approaching storm as 
clouds of sand and detritus are borne along by it. In a moment more it is 
npon us with resistless fury, threatening universal extermination ; the earth 
seems to tremble with the detonations of thunder, whilst the lightning 
hisses and sputters as it wraps everything in its lurid light ; the efifect 
being heightened by the gathering darkness and the downpour of rain, by 
wHch it is reflected as by countless prisms. 

When the height of the storm has passed, usually in about twenty minutes, 
the rain may continue for many hours ; the thunder and lightning working 
I'onnd all points of the compass ; and it has happened that the wind also, 
gathering fresh force, returns from the opposite direction. 

At sea, the usual South-easterly set of current is often changed by the 
wind's force, and this is taken advantage of by vessels bound to windward — 
along the Bight coast — blasting for a day or two. 

As the eflect of a storm blowing from seawards, the coast-line being low 
and flat, the water has been raised sufficiently high to overflow it, boats and 
Canoes being carried 50 yards or more inland, whilst other objects of greater 
Gxity have been buried in sand to a depth of 2 or 8 feet. 

There is little wonder that the African householder contents himself with a 
dwelling of the smallest possible elevation, even at the expense of such 
necessities as daylight and fresh air as his frail structures would otherwise be 
in imminent peril of being carried away. As it is, the most serious calamity 
amounts to the loss of some part of a roof. 

The character of the lightning partakes more of the ''chain'* than ** forked." 
In some instances it is reported as being the cause of ignition to grass 
"buildings. Certainly trees bear indications of being struck by it ; but, on the 
ether hand, I have never heard of a similar catastrophe happening to human 
l)eing8 or cattle, nor does the average native appear to recognise any special 
risk in this diiection. 
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DISCUSSION. 

Dr. Lawson said that he had freqnently experienced tornados similar to 
those described in the paper at Sierra JLeone, bat they had asaally not been so 
intense as they appeared to be at Akassa. The arch referredf to was very 
clearly defined, and as it approached the ascension of yapour in front could be 
distinctly seen. When the arch got overhead sadden gosts were experienced. 
On one occasion he had observed the barometer fall as mach as 0*1 inch in less 
Uian five minutes, and this was immediately followed by a great gust of wind 
which damaged part of the roof of the house. The storms continued to blow off 
the land for a considerable time. They usually came on in the afternoon or at 
night, and were accompanied by a ^ood deal of lightning and plenty of rain. 
After the storm had pjissed the wind remained Easterly. The men of war 
stationed at Sierra Leone were accustomed to shorten all sail except the foretop- 
mast staysail and run before the wind, vessels that did not shorten sail were m 
danger of being capsized. 



THE CLIMATE OF BRITISH NORTH BORNEO. 

By ROBERT H. SCOTT, M.A., F.R.S. 



(Received May 7th— Read June 19tb, 1889.] 

Mobs than seven years have now elapsed since a Charter was granted to the 
British North Borneo Co., November 1st, 1881, and it may therefore be of 
interest to the Society to hoar what Las been done since that time in the way 
of recording tbo climate of the Territory. 

As regards the area, and the physical geography of the district, the Hand- 
book of British North Borneo, prepared for the Colonial and Indian Exhibi- 
tion of 1886, gives some particulars, from which the following notes are 
extracted. 

**Tho territory of British Nortli Borneo includes the northern portion of the 
great island of Borneo, from the Sipitong stream on the west to the Sibuku river 
on the east, and is coterminous with the northern boundary of the Sultanate of 
Brunei, on the west coast, and approaches that of the Netherlands possessions on 
the east. It is, roughly speaking, of pyramidal form, the apex being towards 
the north, the China Sea washing its western, and the Sulu and Celebes Seas its 
eastern coasts. 

** The Sibuku boundary is in about lat. 4° 6' N, the Sipitong boundary in lat. 
5° 6' N, while the boundary extends to the north as far as lat. 7° 25' N. Gura 
Peak, in lat. N 3° 62', is taken to be its extreme southern limit inland. The 
most westerly point is that of Kalias, long. 115° 20' E, and the most easterly, 
Hog Point, 119° IG' E. Its area, exclusive of islands, is computed at 30,403-87, 
and with the islands, 31,000 square miles." 

As regards the mountains, tne same authority states : — 

" The courses of the mountain ranges have not yet been laid down with any 
attempt at accuracy in the published maps. 

*' It may be stated generally that there is a backbone range, which, commencing 
in the great mountain of Kinabalu (13,700 ft.), 52 miles from the northern 
extremity of the island, runs in a south-westcrlv direction through the territory. 
The range is much nearer to the west than to the east coast, with the result that 
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the rivers on the west are inferior in length to those on the east side, though the 
scenery is grander and the coast more indented with bay^s and inlets. Kinabaln 
itself rises within some 25 miles of the west coast ; and this m ^ be taken to be 
the average breadth of the coast between the backbone range and the sea. From 
this range, which has a height of from 6,000 to 13,700 ft., many ridges are given 
off at right angles, and these in many cases are connected by cross ridges running 
north and south. These ridges, as a rule, rise abruptly from the plains, and are 
steep and narrow. 

" In addition to this range, and between it and the sea on the west, is what is 
known as the Coast Range, running parallel to it from somewhat to the north of 
Gaya to the southward, and with a height of between 3,000 and 4,000 feet. 

" Borneo differs from all the other large islands of what Wallace terms 
Australasia in not possessing a single volcano, either active or extinct.^* 

As regards the climate, the Handbook contains a report by Dr. James 
Walker, the principal medical officer of the Government, from which I havo 
extracted certain paragraphs of a general nature. In the original the remarks 
refer mainly to Sandakan, and the observations close with March 1886. I 
shall therefore merely quote the general remarks on the seasons. 

^^ The North-east Monsoon commences about the middle of October, and con- 
tinues till about the middle of April. 

^* During the greater part of this time the wind blows steadily and with moderate 
strength from the North and East. 

" In the course of this Monsoon, particularly in December and January, there 
are generally one, two or three moderate steady gales, lasting ^om three to nine 
days. At other times the wind is a moderate breeze from about 11 a.m., getting 
rather stronger towards evening, and dying away in the early morning;, when it 
may be overcome b^ a gentle land breeze. At the beginning and ending of the 
Monsoon the wind is not so strong or so steady, and the land breeze continues till 
later in the forenoon. 

'' The South-west Monsoon lasts from about the middle of April till the middle 
of October. The wind, as a rule, is not so strong nor so long-continued as in the 
North-east Monsoon. On the other hand, there are frequently squalls in the 
afternoon and evening, lasting for an hour or two, and sometimes blowing with 
the strength of a " fresh gale.** Neither in this Monsoon, nor in the North-east, 
does the wind rise to the strength of a storm, or even of a " whole ^ale.** 

'' The true wet season occurs (at Sandakan) in the North-east Monsoon, and 
includes the months of November, December, and January, and generfdly part of 
October or February or both. During this wet season the greater part of the 
rain falls as general rain from a uniform dull grey sky, and is pretty equally 
dlBtributed between day and night. This wet season does not, however, come up 
to what seems to be commonly understood at home by that expression— of inces- 
sant rain for weeks or months. (Dr. Walker says :) I have never known the 
rain to continue without interruption for more than 48 hours ; and in an average 
year there are not more than six or eight days on which rain falls for the whole 
24 hours. 

" The true di^ season immediately follows this true wet season, and includes 
March and April, and generally the whole of May and part of February. During 
this time, any rain that falls generally occurs in showers during the night and 
earlv morning. There has been no month without several showers, and even in 
188o, when there was an exceptionally severe drought both here and in the 
Straits during March and April, there was rain on 6 days in March and on 10 in 
April, while during these two months of the most severe drought yet experienced 
here there was a rainfall of 1*35 inches. 

** This true dry season is followed by a period of moderate rainfaU, commencing 
generally about June. The first month or six weeks of this period almost deserves 
tobe called a second wet season, and the rest of the period up to the commencement 
of the true wet season might be described as the second dry season. As, however, 
the boundaries of these two arc ill-defined, their characters similar, and the differ- 
ence in rainfall comparatively i?mall, it is better to cousider them together, as a 
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Bort of intermediate season. During this period the rain falls chiefly in heaTy 
squalls (either with thunder or from thundery looking clouds), occurring naost 
frequently in the afternoon and evening, but not confined to that time ; and itia 
dunng these rain squalls that the heayiest falls of rain occur.*' 

ThX LfSTBUlfBNTAL MeTBOBOLOGIOAL EeCOBDB. 

In Jannary 1882 an ontfit of Meteorological Instnunents was sopplied by 
the Meteorological Council to Nav. Lieut. E. B. Connor, for the Bairuheef 
a steamer in the service of the North Borneo Co. These instnunents were 
snbseqnenily retnmed to the Office, and I am not in possession of any informa- 
tion as to which, if any, of the observations now submitted have been made 
with them. 

No records of any value are available for barometrical pressure, for ilie 
mercurial barometer supplied by us in 1882 has been returned to London, 
and the only record of pressure is that furnished by an automatic anercnd, 
which is seriously out in its setting. 

The Charts of the Mean Barometric Pressure over the three Oceans, lately 
published by the Meteorological Office, give the following figures for the 
vicinity of the North point of Borneo. 

Approximate No. of Observations. 

215 

90 

50 
100 

The range of the readings throughout the year is therefore insignificanty 
and the greatest range shown by the charts in any of the months is 0-2 in. 
in February. 

The observations subjoined have all appeared in the Handbook far BritUh 
North Borneo, prepared for the Colonial and Indian Exhibition of 1886, and 
subsequently in the monthly numbers of the North Borneo Herald; and the 
present summary closes with the year 1888. The observations have all been 
made under the supervision of Dr. J. H. Walker, the principal Medical Officer 
of the Colony. The following are the particulars of the different staiiona 
extracted from the Herald, the names of the observers refer chiefly to the 
year 1887. 

I shall commence with the most Southern Station on the East coast, and 
proceed round by the North to the extreme West point, opposite Labuan. 

The latitudes are all N. and the longitudes E. 

East Coast. 

Silam.-^Long. 118° 12', lat. 6° 0'. The station is a few feet above 8ea« 
level, and distant a little over 100 yards from the beach. 

The observer was Mr. Callaghan, and, during his frequent absences, his 
Malay clerk. Dr. Walker expresses his distrust of these observations. 

Sandakan,— Long. 118° 12', lat. 5° 49'. The station is 10 feet, above sea* 



Month. 


Pressure. 




Infl. 


February 


29-91 


May 


29-88 


August 


29-87 


November 


29-88 
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level, and distant a little over a qnarter of a mile from high water mark. The 
ohserver was the hospital dresser, under Dr. Walker's own sapenrision. The 
ohservations are of good quality except those of wind, which are affected by 
local circumstances. 

North Coast. 

Kudat.— Long, IIG"^ 52', lat. 6"" 54'. The station is 50 feet above sea-level, 
and distant about a quarter of a mile from the beach. The observers are 
Messrs. Wheatley and Dunlop. 

Limbuak, on Banguey Island, off the North point of Borneo. — Long. 
117° 6', lat. 7° 16'. No particulars are given of the station. The observer 
is Mr. Martens. 

West Coast. 

Oaya. — Long. 116° 5', lat. 6° 0'. This is a small island off the coast. 
The station is 50 feet above sea-level, and about 100 yards from the beach. 
The observer was Kiteh, a Malay clerk, under the supervision of Mr. Haynes. 

Pa/;fir.— Long. 115° 52', lat. 6° 45'. The station is about 15 feet above 
sea-level and 2 miles from the beach. The observers were the Messrs. 
Wheatley. 

MempakoL — ^Long. 115° 26', lat. 5° 16'. This is just opposite Labuan. 
The station is only a few feet above sea-level and close to the beach. The 
observer was at first Mr. Daly, subsequently Mr. Francis. 

For the actual examination of the printed values which are not identical 
in the different publications above indicated, which is all the discussion 
which has been attempted, and for the arrangement of the material in the 
form of tables, I am indebted to Mr. J. A. Curtis, who has had considerable 
experience in work of that character. 

For Sandakan we are able to submit fairly complete returns for the years 
1887 and 1888, but for the other stations the records are so fragmentary 
that it seems best merely to give tables of mean monthly extremes of tempera- 
ture and of rainfall. 

As regards absolute extremes of temperature, Sandakan had a maximum of 
05°*0 in April and May 1885, and a minimum of 67°'5 in January 1886. 
Eudat had a maximum of 98°*0 in January and December 1886, and Lim- 
buak one of 99°'0 in January 1886. The last-named station had also the 
lowest minimnm I can find, 66°'0 in February 1886. 

As regards the rainfall, the returns are more complete than those of tem- 
perature. For Bandakan 10 years are available, with the single exception of 
the month of July 1879. For Silom there are 6 years with a few exceptions. 
The returns of ** days of rain " are not always given. 

The rainy season on the East coast is in the months from November to 
January, with a slight secondary maximum in June, as already mentioned in 
the remarks by Dr. Walker quot^jd at the commencement of the paper. The 
rainfall at Sandakan is much heavier than that at Silam. 

The returns from the stations on the North and West coasts arc very 



8AMDAEAH. 
I^'- 5" 49' H. EEiaHT uoTi Hiur Bu Lxm 10 nar. 



JnnDuy 
Fcbrnary 

July !!i. 

September 
October . . 
XoTcmber 
Deoembor 



84-3 78-. 
85-5' 78", 
84'3 77- 
87-5 7a'i 
85 5 77' 
87-1 77-1 
84-8 77-1 
84-4 77-; 
8i'3 77': 



737 83". 
74'3.8a'9 
73'3: 84-0 
74-6) 85'2 
74-6i 87'o 
73'8 8fri 
74-3 88-0 
73-4 87-0 
73-S 87-7 
73-9 " 



In. Id. 
■873! '887 
■855, -837 
■864 '848 
•876 '870 
'gi8 -884 



I -870 
■855 -851 



76-4i 75-6 70-9 



'-""'■845! 8 



Jannar; . 
Febrnatj , 
March . . . 
April 

Jnly '.'.'.'.'. 
AngDBt . . . 
September. 
October . . , 
November . 
December . 



5165 
a-555 
5560 

4-480 
6330 

9-iSa 



Wind, No. of ObBerrationa 



e, omng to the pocition 



Bcanty, bnt I have fortunately been able to find, at the Colonial Office, returns 
of rainfall for Labnan for 11 years (irregular) and for Sarawak for fi years. 

Labnan is, as already stated, opposite Mempakol. Its rain retoniB abow a 
totally different distribution to that at Sandakon, with a strongly marked 
minimam in Febrnory, while there is no decided maximnm, the falls in May, 
AngQst, October, and November ranging between 15-18 ins. in Augast and 
14-06 ina. in November. 

The retamB for Labuan are very irregular. We have tbe years 1666-1868, 
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SAHDAEAN. 
IiAi. 5° 49* N. HnoHT uorx Hux Su Lstel k 



Jninar; . . 
Fabtauf 

July !!!. 
August . . 
Septembei 
October .. 
HoTember 
Dacembei' 



7 |797 77'9 
9 8o'4 77-i 
S I797 |77'8 

■4!78'2 78-5 
o ,79-0 ,78-6 
7 ,790 7^-5 



Ycaf....|Sy7 86-3 '79-4 7S-0 7H-6 76-3 fli-6 75-1 !sS'q'866 -831 847 77'6 6s3 84-7 
Amounb <it Cloud. RainlftU. No. ol - 




inelnfliTe, complete, then there is a gap of 20 years, from which time the yearly 
totals are given, but not the monthly valoeB for 1688 and 1881. 

For Sarawak we have five years nearly complete. For several months no 
record of the days of rain is given, and for Janoary 1886 there are no data. 
The means are for five years except in the case of January. 

The station is much nearer the Eqnator than is Labuan, and the distribn- 
tion of the fall is strongly contrasted with that prevailing at that station, and 
very closely resembles that at Sandakon. 

I have appended to the paper the mean resolta for other stations in Borneo, 
taken bom the latest volnme (for 1887) of Refftnuximemingm in Neder- 
land* Indie, by Dr. J. F. Van der Stok, director of the observatory at 
Botavia. The nomber of years is 9, except where otherwise stated. 
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For Banjennassing all ihat I can find, in addition, are tables of the mean 
temperature and of the number of rainy days, 1850-58, which appeared in 
the Netherlands Meteorological Jaarhoek for 1859. The temperature tables 
have been quoted by Dove in his KUmatologische Beitrdge, part 11. p. 98. I 
have inquired at Utrecht, but cannot learn that in Borneo any other observa- 
tions have been made subsequently, except the rain returns which are printed 
by Dr. Van der Stok. 



Addendum, October 22nd, 1889. 

Since the Paper was written, and while it was passing through the press, 
the log of H.M.S. Rambler^ Capt. Hon. F. C. P. Veroker, has been received 
at the Meteorological Office. 

This log was found to contain observations made in or near Sandakan Bay 
during the month of April 1889, and it has been thought desirable to add to 
the paper a summary of the information thus obtained. 

The observations were taken every two hours, with verified instruments; 

MSTEOROLOOICAL OBSERVATIONS TAKEN ON BOABD H.M.S. RawhUTy IN OB NEAB SaNDAXAN 

Bat, North Borneo, from March 31BT to April 30TH, 1889. 



Barometer (corrected & redaoed to ) 
Sz^'Fab. Height above Sea 8 ft.) i 

Dry-Balb Thermometer 

Wet-Bulb Thermometer ........ 

Sea Surface Temperature 

Wind Direction : — 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Calm 

Wind Force by Beaufort Scale . . . . 

Cloud Amount . . 



2 a.m. 4 a.m. 6 a.m. 



No. of Observations 
under each point 



29*882 

82*3 
8o*s 

85-3 



3 

8 

5 

6 

5 

o 



3 
1-4 
49 



29-877 

8i-8 
8o-2 
85-2 



3 
7 

4 

7 
6 

o 

o 

3 
1*4 

4*7 



29-895 

817 
8o*3 
85-2 



o 

2 

4 
6 

7 

7 
I 

I 

2 
1*2 
4-8 



8 a.m. 


10 
a.m. 


19-929 


29"934 


827 
80-7 


84-0 
8r2 


85-4 


857 








3 


3 


3 
6 


5 
6 


7 


3 


5 


7 


I 


2 








5 


4 


i-o 


0-8 


4-5 


47 



Noon. 2 p.m 



84*8 
81-5 
85-9 

o 
8 

7 

7 

2 

3 
o 

o 
3 

1-2 

47 



29866 

84-8 
8i-8 
86*0 



o 

7 
12 

5 
o 

4 
o 
o 

2 

1-5 



Barometer (corrected and reduced to 
32** Fah. Height above Sea 8 ft ) 

Dry-Bulb Thermometer 

Wet-Bulb Thermometer 
Sea Surface Temperature 
Wind Direction : — 



.••••... 



No. of Observations under 
each point 



Wind Force, by Beaufort Scale 
Cloud Amount 



N 
NE 

E 
SE 

S 
SW 

w 

NW 

Cahu 



4 p.m. 


6 p.m. 


8 p.m. 


29*841 


29-854 


29-889 


85-0 
817 
86-1 


84' I 

814 
85-9 


837 
8i-3 

857 








I 


II 


II 


7 


12 


14 


12 


4 



4 



5 



2 





I 








I 


I 


I 






17 



1-6 


3 
1-6 


4-6 


47 


47 



10 
p.m. 



29-916 
83-4 

8l'2 

85-5 

o 

6 

12 

5 

o 

3 
I 

I 

2 

47 



Midt. 



29*912 

83-1 
81*0 

85-4 

o 

6 

II 

5 

2 

3 

o 

o 

3 
1*3 
4*4 



Mean. 



29*892 

83-5 
8i*i 

85-6 

O'l 

5-8 
8-9 

2*9 

3-8 

o'S 
o*3 

a-5 
1*4 

47 
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DISCUSSION. 

Captain Macleab siud he had lately been studying the meteorology of the 
Eastern Archipelago, and that our information was so scant about the region 
between latitudes 6° N and 6° S that this paper was all the more valuable. The 
paper showed that on the north-east coast of Borneo the rainy season occurred 
with the North-east Monsoon, as on the east coasts of the Philippines ; but on the 
west coasts of the Philippines the rainy season occurred with the South-west 
Monsoon, and probably if we had observations for the west coast of Borneo, it 
would be found that tnere also the rainy season was with the South-west Mon- 
soon. He had found the rule with all the large islands of the Archipelago to be 
that the weather side of the island had the rainy season, while the otner side had 
the dry season. 



THE THUNDERSTORMS OF JUNE 2nd, 6th, and 7th, 1889. 

Bt WILLIAM MABBIOTT, F.R.Mbt.Soo., Assistant-Secretary. 



[Bead June 19th, 1889.] 

The ihandersiorms which preyailed oyer England on Juno 2nd, 6th, and 
7th were of such a remarkable and seyore character that an account, 
howeyer brief, will no donbt be of some interest to the Society. Most of 
these storms were accompanied by hail of snch tremendous size that a 
paper might yery well be written on each storm. 

On Sunday morning, June 2nd, a thunderstorm passed across England in 
a northerly direction from Wiltshire about 8 a.m., and reached Edinburgh 
at 10.44 a.m. The times of the occurrence of the first thunder at seyeral 
places are giyen on the map (Fig. 1). From these it will be seen that the 
storm progressed at a nearly uniform speed oyer the 400 miles, the rate of 
trayel being about 60 miles an hour. A few notices of thunderstorms in the 
east of Scotland during this day were published in the newspapers, but the 
times were not stated. If these referred to the storm under discussion, it 
is possible that it trayelled still further north, and reached Kirkwall in the 
Orkneys at 8.87 p.m. If this should be the case, we haye the yery remarkable 
and interesting instance of a thunderstorm trayelling from south to north in 
a straight path for fully 550 miles at the uniform rate of 50 miles an hour. 

This storm was yery similar to that which occurred on May 18th- 19th 
1888. (See Quarterly Journal, Vol. XIV. p. 296.) 

Large hailstones fell at a few places, the following being the size of the 
largest stones : — 

Droitwich. — One weighed over 3 oz. 
WoLLASTON. — Some were 1^ in. and 1 in. in diameter. 
Bolton. — 2 to 3 ins. in circumference. 
Meltham, Yorks. — About the size of marbles. 

This storm was not yery destructiye, only four cases of damage by light- 
iiiDg being reported. 



220 ICARBIOTT — THB THUNDEB8T0BMS OF JUMB 2mD, 6tB, AND 7TH, 1889. 

A severe thondersiorm prevailed in the neighbourhood of the Tweed be- 
tween 11 a.m. and noon, and was accompanied by hail of very large size. 



THUNDERSTORMS 



JUNE 2J8S3. 




FlO. 1. 



The following arc the dimensions of some of the largest hailstones : — 

Duns. — 3 to 5 ins. in circamference, and weighed up to 4 oz. each. 

CniRNSiDE. — Some larger than Bantam^s eggs. 

Coldstream. — Pellets larger than marbles, some 3 to 6 ins. in circnmference. 

CoRNHiLL. — Resembled small apples. Largest measured If in. in diameter. 

Pawston. — \\ in. across, or 4^ to 5 ins. in circumference. 

Allanton. — In some cases the lumps measured 5 ins. in circumference. 

SwiNTON.^Size of hen*s eggs. One measured 5 ins. in circumference. 

This storm was accompanied with intense darkness, which neoessitated the 
suspension of the services in some of the churches. 

A most violent and destructive thonderstorm occurred over the West 
Midland Counties, the North-west of England, and the South of Scotland 
between 1 and 5 p.m. The storm commenced in Worcestershire at 1 p.m., 
and seems to have progressed northward and reached Cumberland about 
4 p.m. This was evidently followed by a second storm about an hoar lat^r, 
although it is somewhat difficult to separate the one from the other. 

The lightning did much damage ; several human beings were struck, and a 
large number of animals were killed. The places where these occurrences 
took place are each shown by a cross on the map (Fig. 2). 

The storm was accompanied by a fall of hail of very large size. The 
following are particulars of the size of some of the stones : — 

AccRiNGTON. — ^2 ins. in circumference. 

BiJLCK Country. — 1 in. in diameter and ^\ ins. in circumference. 

Blackley. — 1^ and 1^ in. long, and weighed from 1 to 1} oz. 
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Chestbb. — Many weighed 2^ oz. and measnred 4 to 6 ins. in circumference. 

Garstang. — One of tne ice blocks picked up measured 7 ins. in circumference, 

and many measured 5 ins. They for the most part consisted of round balls like 



THUNDERSTORMS 
JUN£ 2: 1888. 




Fxo. 2. 

flass marbles, covered with large crystals of ice, somewhat resembling as a whole 
urge blocks of su^ar candy. The 7 ins. block, when melted, gave 0*12 in. of 
^ater in a 5 inch rain-gauge measure. 

Liverpool. — ^Ten picked up at random as being fairly large ones measured 
from I to 1) in. in e^eatest diameter. Many of them were of four, five or six 
concentric layers, which were alternately clear and snow white. 

MsLTHAH.^lf in. longest diameter, \\ in. shortest, \ in. thick. 

Penkridoe. — As large as walnuts. 

Penrith. — 1 in. in length. 

Raby. — Longest dimension was 1^^ in. 

Sowerby Bridge. — \\ to 1) in. in diameter. 

Stafford. — One piece of ice measured 3 ins. long, and was about an inch 
thick and broad. 

A thonderstorm, accompanied with hail of tremendous size, prevailed over 
the west of Norfolk daring the night of this same day (Sunday). The storm 
commenced about 7.80 p.m., and continued for several hours. 

The following notes give particulars of the size of some of the hail- 
stones: — 

Bagthorpe. — Hailstones measured 4 or 5 ins. round, and weighed over an 
ounce. 

BiRCHAM. — About 2 ins. long. 

Castleacre. — ^The stones were of enormous size, many at least 8 or 9 ins. 
round. 

Docking.— Heavy blocks of ice. Some of the hailstones were 3 ins. in 
diameter, and weighed 3} ozs. 

'LiTEHAM.— One block of ice measured 2| ins. long. 

Massinobam . — Hailstones 3 or 4 ins. in circumference. 



222 ICABBIOTT — THE THUNDSBSTOBMB OF JUHS 2in>, 6tH, AMD 7tH, 1880. 

Sporle. — Very large hailstones; one picked up^ inside a dwelling house 
measured 8 ins. m circumference. Large pieces of ice of irregular shape, 2 to 
3 ins. in lent^h, also fell. 

SwAFFUAM. — As largo as hen*s eggs. The centre of the stones consisted of 
a hard clear mass oi ice. 

Weasenham. — Blocks of ice and hail were of many shapes and forms, and 
varied from 5 to 6 ins. in circumference. 

On Thursday, Jane 6th, thonderstorms prevailed daring the afternoon 
and evening over the whole of the South-east of England. At many places 
there were two, and in some cases three, distinct storms, which followed each 
other after two or three hoars* interval. The general tendency was for the 
storms to move in a northerly or north-westerly direction (Fig. 8). 



THUNDERSTORMS 
JUNE 6.1889. 




Fio. 3. 



The lightning was destructive in Sussex, Hertford and Cambridge. 

The storm which passed over London commenced a little before 9 p.m., 
and continued for nearly two hours. There were, in fact, three distinct 
storms, but as they occurred at the same time, they may be considered as 
one storm. 

The storm was remarkable for the brilliant and continuous display or 
lightning, and was without doubt the grandest storm that has been witnessed 
in the Metropolis for many years. Occurring just after sunset, the condi- 
tions were very favourable for carefully watching the storm and for photo- 
graphs to be taken of the lightning. 

The play of the lightning was on the grandest scale; two, three, four or 
more flashes appearing in different parts of the sky or on the horison at the 
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same time. Some idea of the frequency of the flashes may be gathered 
from the fact that Mr. H. S. Wallis at Highgate comited 1,244 distinct dis- 
plays of lightning daring the two hours ending 11.10 p.m., which gives an 
average of more than 10 per minute. 

One of the most remarkable features of the storm was the persistent and 
repeating character of the lightning. Many of the flashes appeared to re- 
main visible for a perceptible length of time, some people being able to count 
6, 7» 8, and even 10 before the flash disappeared. There were numerous 
instances in which the lightning appeared to repeat itself three, four, or 
more times. It is probable that these were distinct flashes following precisely 
the same path. This supposition is confirmed by some of the photographs of 
lightning which were taken during the storm. Mr. Ninnies, of Balham, ob- 
tained two photographs, each with four distinct flashes following precisely 
the same path and sinuosities, and only separated from each other by a very 
small amount of space. These appeared at the time to Mr. Ninnies as one 
flash. Fortunately, the photographic views include some railway signals, and 
an examination of these reveals the fact that there are four distmct images of 
the signals. The space between the images of the signals agrees precisely 
with Uie space between the flashes of lightning. As the camera was held in 
the hand and not clamped to a tripod, it is clear that the camera was moved 
slightly during the exposure, and what appeared to the eye as one flash was 
in reality a succession of four flashes. 

A similar repetition of flashes is shown on several other photographs, and 
in each case the camera was held in the hand. 

A most interesting photograph was taken by Dr. Hofiert at Ealing. This 
was obtained while the camera was being swayed to and fro. It shows three 
similar parallel flashes which took place during the movement of the camera 
in one direction. The space between the flashes is traversed by faint bands 
of light parallel to the direction of motion, which appear to indicate the 
existence of a residual illumination of a phosphorescent character in the 
intervals between the successive flashes. A second series of three flashes is 
shown in the upper part of the photograph, as well as a dark flash; while a 
third series of two flashes, but with a wider interval between them, is also 
shown on the plate. 

Some photographs showing flashes like a broad band or curtain of light were 
also obtained during this storm ; but in each case it has been ascertained that 
the camera was either held in the hand or not securely fixed. These seem all 
to lead to the conclusion that a lightning flash is not instantaneous, but has 
a much longer duration than has generally been supposed to be the case. 

Three or four photographs showing dark flashes were obtained during this 
storm, the most notable being those taken by the Rev. A. Rose, at Emanuel 
College, Cambridge, and by Mr. A. W. Clayden, at Tulse Hill, London. 
The latter gentleman has since made a number of experiments in photo- 
graphing the sparks from an electric machine, which tend to show that the 
dark flashes were due to photographic reversal. 

A large number of the flashes during this storm appeared to ascend from 
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it most not be supposed that no rain fell daring these storms. The rain 
was often very heavy, and in some cases produced local flooding for a short 
time after its cessation. 

I have given great prominence to the size of the hailstones, as I think 
that 80 much large hail fiedling over so many districts is without parallel. It 
must not be supposed that all the measurements were taken with scientific 
accuracy, but they prove that the hailstones were of very great size. 



DISCUSSION. 

The President (Dr. Marcet) remarked that Mr. Wimshorst had photographed 
the sparks from his electric machine, while the photographic plate in his camera 
was revolving between 3,000 and 4,000 times per minute, and had obtained a 
sharp image of the spark. Mr. Wimshnrst believed from these experiments that 
no movement of the camera daring the process of photographing a flash of light- 
nine could in any way fog or blurr the image. 

Mr. Symons said that he remembered nothing in London like the display of 
lightning on June 6th since 1857. The question as to whether the movement of 
the camera produced the ribbon-like appearance shown in some of the photo- 
graphs of lightning exhibited, was one which he felt unable to enter into, but 
botn Mr. WiJlis (who was observing the storm of June 6th at Highgate, and 
counted 10 while one of the flashes was visible) and himself were much impressed 
with the long duration of some of the flashes. Some were certainly more rapid 
than others ; as a rule a flash of lightning goes so rapidly that there is no time 
for the eye to observe it closely, but in the case of the recent storm the movement 
of the flashes could be distinctly followed. Regarding the hailstones which fell 
at many places during these thunderstorms he was inclined to be rather sceptical. 
He knew very large nail was occasionally met with, and he remembered in the 
case of the great hailstorm at Richmond on August 2nd, 1879, one stone measured 
4| ins. long by 1| ins. in diameter, i.e. about 8 cubic inches, but even this, and 
even if wholly of clear ice, would weigh only 4| ounces — a sufficiently formidable 
missile it is true — but records of the size ot hail required close scrutinv. 

Mr. Abchibald said he was rather glad these severe hailstorms had occurred, 
as the accounts of storms experienced in India and America would perhaps be 
now believed. He had seen hailstones in India approaching the size of those 
described in the paper. In fact these recent seyere storms seemed to him to be 
inferior specimens of a Calcutta North-wester. Such storms could be seen almost 
any day aurine March or April at Calcutta. It seemed possible that the fre- 
quency of the lashes noted during the recent thunderstorms might be due to the 
oscillation of the current. He thought a rotating cylinder covered with sensi- 
tive paper might be used in connection with a camera in such a way that the 
proper sequence of the flashes would be recorded, instead of many flashes beins 
intermingled on one plate, as was frequently the case with the photographs ox 
lightning hitherto obtained. 

Dr. Tripe said that the study of the typical forms of lightning illustrated in 
the " Report of the Thunderstorm Committee " had prepared his eyes for what 
was to be seen in future thunderstorms, and consequently he had been able to 
observe more than he had ever previously done. He had particularly noticed the 
duration and continuance of the flashes in the recent storms, and that the flashes 
which passed from cloud to cloud were mostly much more rapid than those which 
passed from earth to cloud and cloud to earth. About one-tourth or one-fifth of 
the flashes appeared to ascend. He did not remember having observed so much 
slow lightning before. There was one flash (an upward one) in particular which 
left a kind of trail behind it, appearing to have made that part of the air through 
which it had passed incandescent. He observed a ribbon-flash with a distinct 
dark line in the centre between the streams of light. This was perhaps due to 
two flashes rising side by side simultaneously, and the sky being visible between 
them appeared as the black line. He had been told that globular lightning 
occnrrea during the storm on June 6th, but he did not observe any himsefr. Two 
and a half inches of rain and hail fell within a short distance of his house, but 
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he only registered 0*46 in. of rain. The hail was described as being jagged and 
of rather large size. 

Mr. Clayden said he noticed a flash very similar to that described by Dr. 
Tripe. It appeared to leave sparks behind it very much the same as a rocket 
does. Regaraing the ribbon lightnine, he said that the images of the objects in 
the photograph of lightning taken by himself were sharp and well-defined, show- 
ing that ^e camera was not moved while the sky was lominous, and from yarious 
other considerations he was inclined to believe, rather against his will, that the 
ribbon -like appearance shown in the photograph really represented what was 
seen in the sky. 

Mr. Whipple said he had attribated the double images shown in the lightning 
photographs previously received by the Society to the fact that the cameras had 
been exposed behind a window. He had maae experiments which had tended 
to confirm his supposition, having drawn chalk lines upon a blackboard and 
photographed them at various angles through plate-glass. The photographs 
obtained exhibited very similar appearances to those shown in tne ligntnine 
photographs. The dark flashes, too, had appeared to him to be due to intern^ 
reflection, but on this point he had been unable to make experiments. In the 
present series of photographs both the dark and ribbon flashes were shown, and 
in the case of the ribbon nashes he felt compelled to abandon his idea of their 
being the effect of refraction through a window, as both Dr. Hofiert^s and Mr. 
Shepherd's pictures, in which latter a flash was splendidly doubled, were taken 
without the intervention of a window between the camera and the flash. It was 
exceedingly difficult to reconcile these lightning photographs with Mr. Wims- 
hurst's photographs of the electric spark, especially supposing the flash lasted 
so short a time as it was usually stated. It certainly seemed that lightning 
flashes, instead of being so rapid in their movement, were very persistent. In 
the storm on June 6th he distmctly saw a beaded flash, and, like Dr. Tripe, he 
found himself much better able to follow the course of the lightning than he had 
been hitherto, because his eyes had now become educated and he knew what to 
look for. There was no hail at Richmond during this storm ; but regarding the 
hail which fell in* the North-western Counties, he had asked Dr. Lodge, in the 
course of a recent conversation, to draw rough sketches indicating the size and 
form of the hail experienced at Liverpool ; on June 2nd they proved to be very 
similar to those engraved in a recent No. oi Nature, 

Dr. HoFFERT said that in one case he noticed the lightning had a distinct 
fluttering appearance, showing that the lightning was sufficiently slow to make 
its movements apparent. He did not think that Mr. Wimshursfs photographs 
of electric sparks could be taken as an analogy, as the conditions in nature were 
so different. It was difficult to understand that any oscillation of the flash could 
have taken place, as the forms of the flashes in the photograph taken by himself 
were similar. He was unable to explain the dark flash, but from experiments he 
had made he had been led to believe that the phenomenon was not oue to excess 
of exposure. 

Dr. Green suggested that the dark flashes in the photographs were produced 
by yellow flashes, as intense yellow gave a negative effect. 

Mr. Lawbon said he had nad many opportunities of watching lightning at 
distances beyond where the thunder was audible^ and where its progress could 
be seen more distinctly than in the immediate vicinity of the storm. On the 
cloud the flashes always proceeded upwards, following all the sinuosities on its 
surface, and, as to duration, many were visible for fully a second. When the 
base of the cloud was visible he had seen flashes strike downwards to the ground, 
and occasionally there was a second, and sometimes a third, in rapid succession, 
so that all these might have appeared as one in a photograph. 

Mr. Baldwin Latham said that he had carefully observed the thunderstorm 
of June 6th at Croydon, where it commenced at 8.45 p.m. His impression was 
that many of the flashes of lightning left a luminous trace, and the flashes were 
of consiaerable duration, some apparently ascending and others descending. 
Hardly any hail fell at Croydon during this storm. The account of the large hail 
quoted by Mr. Marriott reminded him of the account of the storm at Margate 
which he had received from Mr. Masu. This gentleman had one of his windows 
completely riddled by hailstones, which had passed through without cracking the 
glass just as though it had been shot through with a pistol. Another window 
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had been starred with the hail, but no actual holes had been made through 
it. The distribution of the hail at Margate seemed to have been rather curious, 
as a greenhouse haying about 350 panes of glass had 250 broken, while another 
greenhouse, not 100 yards distant and about the same level, was uninjured. This 
reminded him of the great thunderstorm which occurred at Croydon on Sunday, 
June 23rd, 1878, when hailstones from i inch to | inch in diameter fell at his 
house, which is at a level of 260 feet above the sea. In this storm, at his house, 
the stones came down so gently that they did no damage, while in the neighbour- 
hood of Croydon, Beddington and Wallington, upon lower ground, great destruc- 
tion of glass occurred. fVom the observations which he made in this storm it 
appeared that hailstones began to fall at a very short distance from the earth, 
and in all probability they had been gyrating about for a considerable time, 
which accounted for the peculiar rattling sounds often heard in the air before a 
hailstorm, and in all probability many of the large hailstones were formed by the 
agn'egation of a number of smaller stones while gyrating in the air. 

Captain Maclear said that on June 6th he saw several lightning flashes that 
were most persistent, some lasted two seconds, and one especially faded gradually. 
There was slight rain and mist at the time, and perhaps this was the cause of the 
continuance and frequency of the flashes ; when the storm passed over high 
ground where no rain was falling the discharges were more violent. On the high 
ground of Deensfold Common a cottage was struck by lightning, the walls and 
chimney appeared as if blown out by an explosion, a chair in which a young 
child was sitting being lifted from the floor by the boarding being uplifted, but 
the child was uninjured. Regarding the dark flash, it seemed to him that where 
exposure had been prolonged beyond a certain point, the next flash would appear 
on the plate as a dark flash, the effect of reversal known to photographers as 
solarisation. 

Mr. Ranyard said : If we assume the ribbon flashes to have a real existence, 
the photographs seem to show that the ribbon never curls or turns to one side, 
all the turns are made so that the cross lines of the ribbon remain parallel to a 
fixed line. It follows from this that each edge of the ribbon is a plane curve, 
and the ribbon always remains between two parallel planes. A ribbon flash seen 
from any point between these planes would appear to project into a straight 
ribbon. Mr. Marriott and he had wished to determine whether there was any 
connection between the direction of the wind and the cross lines of the ribbon, 
or whether the cross lines were parallel to some fixed line in space, such as the 
earth's magnetic axis. He had therefore tried to observe the curvature of the 
lightning flashes seen in different directions during the great storm, but he had 
not been able to recognise any direction in which they appeared to be all straight 
flashes, and he had not seen any ribbon flashes or dark flashes. When he came 
to see the photographs taken during the great storm, his faith as to the real 
existence of ribbon flashes was still further shaken. There were some photographs 
which showed three or four parallel flashes of lightning, and three or four separate 
images of a railway signal post lit up by the lightning, proving that the plate 
must have shifted between the flashes, which were absolutely alike, turn for turn. 
The images of the signal post were separated by distances which corresponded 
with the distances between the lightning flashes, and we must consequently 
assume that the three lightning flashes all followed the same course in the air. 
This is what might theoretically be expected, for the first flash would heat the 
air and form a path of least resistance which subsequent flashes would travel 
along, as water follows the turns of a pipe. A somewhat similar photograph 
had been taken by Dr. Hoffert, who had intentionally moved his camera from 
side to side, proving that recurrent flashes occupied a considerable portion of a 
second, and that between each flash there was a phosphorescence which left a 
trace on the plate very similar to the gauge-like traces with which we were 
already familiar in the ribbon flash photographs. It was a very significant fact 
that aU the photographs of ribbon flashes, as tar as he was aware, had been taken 
with cameras held in the hands, or, at all events, with cameras which were not 
screwed to a fixed support, but were only held against a window-sill by the hand 
of the operator. And he thought that we have in these photographs evidence of 
the nervous condition of the operator and of the magnitude of the jump or start 
which the flash gave rise to. Dr. Hoffert's photograph, as well as the other 
photographs of multiple flashes, showed that all the flashes took place in the 
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same direction — for all the flashes thinned out in the same direction. There was 
no evidence of lightning striking first backwards and then forwards, as had been 
suggested. 
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Mb. Eaton, in his late discussion of Mr. Belyille*s observations made at 
Qrecuwich,^ stated as one of the gonoral results to be gathered from his 
investigation, '* That there was no appreciable change in the mean annual 
temperature of the air at Groonwich in tho period 1812 to 1855 inclusive.'* 
And in some remarks which I offered on the paper in the discussion following 
tho reading thereof, I mentioned that, as regards secular increase of tempera- 
ture, the observations of tho numerous observers who have contributed to the 
Bogistrar-General's Quarterly Return, commencing in the year 1849 and 
extending to the present time, did not show increase of air temperature. That 
statement was one made generally from an inspection of the printed values, 
and not as the result of any systematic discussion thereof, and I had since 
been intending to offer to the Royal Meteorological Society such figures, 
derived from these* records, as might be necessary for confirming it. 
But the results, so far from showing increase of temperature, indicate 
rather that we have, during late years, been passing through a generally 
cold period of prolonged duration. 

Firstly I would mention that the meteorological results which appear in 
the Registrar-General's Quarterly Return are derived from observations made 
at stations originally organised by Mr. Glaisher, especially for providing 
the Registrar General with information on the meteorolc^ of the country, 
which observations, since their commencement in the year 1849, have been 
throughout also discussed by Mr. Glaisher on the same general plan. 
This is the principal condition necessary in an inquiry of the kind 

1 *« The Mean Tomperatore of the Air at Greenwich from September 1811 to Jane 1866 
inclusive.** Quarterly Journal of the Royal Meteorological Society, Vol. XIY. p. 16, 
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mentioned, for whatever opinion may be held in regard to the methods 
of redaction employed, so long as they are similar throughout, the 
results are in themselves comparative, which is all that is needed. 
Mr. Glaisher has, from the monthly values of meteorological elements, 
formed quarterly values, and has further grouped the stations according 
to latitude ; that is to say, places situated between latitudes 51^ and 62° 
are used to give one set of mean values, the places between latitudes 62° 
and 68° giving another set of values, and so on. I first extracted the 
quarterly means of air temperature thus found, for the three principal groups, 
and then, from the quarterly values for years, formed quarterly values for each 
five years, from 1849 to 1888. These are contained in Table I. , it being under- 
stood that the first quarter includes the months of January, February, and 
March, and so on. It should be mentioned that there has been considerable 
change as regards individual stations during the period dealt with, some 
having been given up and others commenced, but it is presumed that by the 
grouping of the stations according to latitude, the results are rendered 
generally comparative throughout, a presumption which appears to be fairly 
warranted by the accordance of the results obtained. 

I thought it desirable to include also values for Greenwich, using the eye 
observation series of results, the photographic values being not yet available 
throughout. The values of air temperature in the eye observation series 
here employed are deduced from observations made usually four times daily, 
combined with the daily mean of the maximum and minimum temperatures, 
the former from 1849 to 1877 being corrected for diurnal inequality by means of 
corrections given by Mr. Glaisher in his paper in the Philosophical Tramac- 
tions for 1848,^ and the latter having the correction required by the maximum 
and minimum mean, as given in the same paper, duly applied. But these 
corrections having been determined from the observations of a small 
number of years, on the completion of the twenty years* photographic redac- 
tions other corrections were determined from the results thus made available,^ 
which new corrections have been used in the reduction of the eye observation 
series since the year 1878. And in order to obtain one uniform series I have 
since corrected the results for the previous years, 1849 to 1877, for the 
difference found between the two sets of corrections. The quarterly means 
and the yearly means for Greenwich so found, for the same five-yearly periods 
as before, are given in Table IE. 

It should be mentioned that the values given have in no case been reduced 
to sea-level. To take this into account would require that the numbers 
should be increased by a quantity not varying in any case very much from 
0°*6, which would not affect the general conclusions of this paper, since they 
depend throughout on the comparison of values, and not on absolute values. 

^ ** On the Ck)rrections to be applied to the Monthly Means of Meteorological Obser- 
vations taken at any hour, to convert them into Mean Monthly Yalnes.'' 

> Riduetion of Twenty yean' photographic records of the Barometer and Dry-bulb and 
Wet-hulb Thermonutere, j'c. made at the Bayal Oheervatory^ Greenwich, 
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TABLE I. — Mban Temperature of the Air in England deduced from the Bbsults 

CONTAINED IN THE QUARTERLY RETURNS OF THE BeOISTRAR-GeNERAL. 



Five-Yearly 
Periods. 


Quarters. 


Yearly 
Mean. 


First. 


Second. 


Third. 


Fourth. 


For Stations situated between Latitudes 51° and 52° North. 


1849 to 1853.... 
1854 „ 1858.... 
1859 „ 1863.... 
1864 „ 1868... 
1869 n 1873.... 
1874 „ 1878 . . . 
1879 „ 1883 . . 
1884 M 1888.... 


3974 
38-40 

4144 
39*58 
41*10 
41-46 
39-08 
39*18 


5186 
52*38 
5264 
5402 
52-36 

5236 
51*42 
51*32 


5932 
60*56 
58-96 

5998 
60*22 
60*18 
5858 
59*20 



4400 

4478 
4524 
44-88 

43*50 
44-06 

43*48 

43*44 


4873 
49-03 

49*57 
49*62 

-49*29 
49*52 
48-14 
48-28 


Range 


3'o6 


2-70 


1-98 1*80 

1 


1-48 


Mean 


40*00 


52*30 


59*62 


44*17 


4902 


For Stations situated between Latitudes 52° 


and 53'' North. 


1849 to 1853 . . . 
1854 ». 1858.... 
1859 .» 1863... 
1864 „ 1868.... 
1869 „ 1873.... 
1874 „ 1878,... 
1879 „ 1883 ... 
1884 M 1888.... 


39-36 

38*14 
41-00 

38-90 

40-26 

4054 
3832 
3812 


50-94 
51-46 

5i'44 
53*76 
51-46 

51-88 

50* 14 
49-58 

4-18 


58*42 
59-66 
58-14 
59*80 
5972 
59*44 
57*70 
5796 


43°64 
44-12 
44*10 
44*62 
43-06 

43*22 

42*48 
4240 


48-09 

4835 
48-67 

49*27 
48*63 

48-77 
47*16 

47*01 


Range 


2-88 


2-10 


2-22 


2-26 


Mean 


39*33 


5i'33 


58-86 


43*45 


48-24 


For Stations situated between Latitudes 53** and 54° North. 


1849 *o '853 . . . 
1854 „ 1858.... 
1859 „ 1863.... 
1864 ,, 1868.... 
1869 „ 1873.,.. 
1874 „ 1878.... 
1879 „ 1883.... 
1884 ,, 1888... 


39%2 
3826 
40-26 
38-28 

3972 
40*08 
38-68 
3866 


50^36 
50*60 
50-42 

52*30 
5038 

5052 

49-34 
49-06 


56-88 
58*76 

5644 
5778 
5814 

57*82 
56-52 
5672 


42-88 

4398 
43*06 
43*86 
42-64 
42-72 
4276 

43*04 


47*31 
4790 

47*55 
48-05 

47*72 

47*79 
46-82 

46-87 


Range 


2-00 


3*24 2-32 


1*34 


1-23 


Mean 


39*13 


50*37 


57*38 


43-12 


47*50 



' Haying formed the five-yearly normal values now given, it became evident 
that they could not be nsed for the desired object, on account of the large 
accidental variations which occur, and which it will be seen are generally 
similar in each division of the table. To better show these variations to the 
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TABLE n.— Mean Tekpsbatubb of thx Aib dsdugeo fbok tbs Etb OBBXBVATXONa 

UADX AT THE BOYAL ObSBBVATOBT, GbBENWIGH. LATITUDE 51° 29' NOBTH. 



Five-Tearly 
Periods. 


Qoarters. 


Yearly 
Mean. 


First. 


Second. 


Third. 


Fourth. 


1849 to 1853 .... 
1854 „ 1858.... 
1859 »» 1863.... 
1864 „ 1868.... 
1869 „ 1873.... 
1874 „ 1878.... 
1879 „ 1883 .... 
1884 „ 1888.... 


40-56 
38-62 
41*32 
39*36 

40*70 
41-06 

39*38 
38*90 



52-62 

53*16 

53*22 

55*08 
53*26 

53*52 
52-18 
52-12 


60-32 
61-30 
59*80 
61-30 
61-38 
60-88 

59*42 
60-32 


44°8o 

4472 
44*90 
44*98 
43*48 
44-02 

43*64 
43*48 


49*57 

49*45 
49-81 

50-18 

49*71 
49*87 
48-66 

48-70 


Bange 


2-70 


2-96 


1*96 


I '50 


1-52 


Mean 


39*99 


53*15 


60-59 


4425 


49*49 



eye, there is given in Table m. the excess of the mean temperature in each 
five-yearly period above the average of the whole period, grouping together 
the results for the same quarter in the different series. 

The numbers in the column *' Mean " of Table m. have been further 
exhibited in curves for each quarter and for the year (see Plate XII.). It 
would have been more interesting to give the curve for each separate series, 
in order to show the great similarity that exists, but there would have been a 
certain interlacing confasion, besides which one curve in each case sufGlciently 
represents the others. In considering the table generally, the first thing that 
attracts attention is the preponderance of high temperature in the middle 
years of the series, and the persistent low temperature in the terminating 
years. The last two groups in each division of the table show that the 
temperature is below the average on the mean of each five years 1879-1888 
and 1884-1888 in every quarter of both groups. That in two consecutive 
groups the average temperature of each quarter of the year should be thus 
extreme in the same direction seems somewhat remarkable. In no other 
single group is there such extreme deviation in one direction in every 
quarter of the year. Such inequality entirely frustrates employment of the 
numbers for discussion of the question of secular change of temperature, 
really the object which I had in view when turning my attention to these 
results, and for which reason, in order best to carry out that object, I formed 
the five-yearly means now given. Forty years is, of course, a short period 
for any such purpose, but it was thought that, the observations being spread 
over nearly the whole of England, accidental inequalities would not be so 
marked as when considering the observations of a single place, whereas 
it is now evident that the inequalities are general over the whole extent of 
country dealt with. The manner in which the independent results for dif- 
ferent latitudes support each other, in throughout showing inequality of like 
character, affords striking proof of the reality of the results obtained. Had 

NEW S8BISS. — VOL. XV. S 



282 ELLIg— ON VARIATION OF TEHPEBATUBB OF AIB IN ENGLAND, 1849 TO 1886. 



TABLE in. — ExcBsa of thk Mean Texpbbatttbk of thb Aib in BNOiiAWD ni bach 
Fivi-Ybablt Period above the Mean Tempebatube of the Whole Pmbiod, ix 

THE DIFFSBSNT QUABTEBS OF THE YbAB. 



Five-Yearly 


Between Latitudes 


For Boyal 

Obseryatory, 

Qreenwioh. 


Periods. 


51** & 52® 


52« A.53^ 


53" A 54" 


Mean. 


First Quarter. 


1849 to 1853 .. 


—0*26 


+0'03 



— o-ox 


^"•08 


. 
+0-57 


1854 .1 1858 . . 


— i*6o 


— i'i9 


-0-87 


— 1-22 


—1*37 


1859 „ 1863 .... 


+1*4 V 


+1-67 


+I-I3 


+ 1-41 


+1*33 


1864 H 1868.... 


—0-42 


—0*43 


-0-85 


—0-57 


-0-63 


1869 „ 1873 .... 


4-i'io 


+0'93 

+1*21 


+0-59 


+0*87 


-4-071 
-fi-07 


1874 „ 1878.... 


4-1-46 


-fo-95 


+I-2I 


1879 „ 1883.... 


—0*92 


— I'OI 


—0*45 


—0-79 


— o-6i 


1884 „ 1888.... 


— 0-82 


— 1*21 


— 047 


—0-83 


— 1-09 


Mean Temp. 1 40-00 39*33 


39*13 


39*49 


39*99 


Second Quarter. 


1849101853.... 



— 0-44 



—0*39 



— o-oi 




— 0'28 



—0-53 


1854 M 1858..., 




-o*o8 


-■013 


- -0*23 


- 


-0-15 


-4-0-0I 


1859 „ X863.... 




-0*34 


--O'll 


- -0-05 


- 


-0-17 


. 


-0-07 


1864 „ 1868 . . . 




-172 


- -a-43 


- -1-93 


- 


-2-03 


- 


-1*93 


1869 „ 1873 .... 




-o*o6 


--0-I3 


--0-0I 


- 


-0*07 


- 


-o-ix 


1874 „ 1878.... 




-0'o6 


--0-55 


--0*15 


- 


-0-25 


- 


1-0*37 


1879 „ 1883 .... 


— 0-88 


— i'i9 


— 1*03 


— 1*03 


-o*97 


1884 „ x888.... 


^•98 


-X75 


—1-31 


—1-35 


—1*03 


Mean Temp. 


5230 


51-33 


50*37 


51*33 


53*15 


Third Quarter. 


i849tox853.... 



— 0*30 



— o*44 




—0-50 



— 0-41 



— 0-27 


1854 »» 1858.... 


+094 


+o*8o 


+1*38 


+1-04 


+071 


1859 „ 1863.... 


— 066 


—072 


—0*94 


—0-77 


—079 


1864 „ 1868.... 




-o'36 


- 


-0-94 


- 


-0-40 




-0-57 


- 


-071 


1869 „ 1873.... 




-o*6o 


- 


-0-86 




-0-76 


- 


ho*74 


- 


-079 


1874 „ 1878 . . . 




-0*56 


- 


-0-58 


- 


-0-44 


- 


-0-53 


• 


-0-29 


1879 „ 1883.... 


—I '04 


— i*i6 


-0-86 


— 1*02 


— I-X7 


1884 «) 1888.... 


—0*42 


-0*90 


— 0-66 





-0-66 


—0-27 


Mean Temp. 


59'62 


58*86 


57-38 


58-62 


60*59 


Fourth Quarter. 


1849 to 1853.... 



— 0*17 



4-0-19 



—0-24 



— 0*07 


J 



ho*55 


1854 ». 1858.... 




-o'6i 


--0-67 


+0-86 


4-071 

+0-55 


J 


-047 


1859 „ 1863.... 


- 


-I '07 


- -0-65 


— o-o6 


J 


-0-65 


1864 „ 1868.... 


- 


-071 


--117 


+o*74 


+0-87 


J 


-0-73 


1869 „ 1873.... 


— 0*67 


— 0-39 


-0-48 


— 0-51 


—0-77 


1874 „ 1878..., 


— O'll 


—0-23 


— 0-40 


— 0*25 


—0-23 


1879 „ X883.... 


— 0*69 


— 097 


— 0-36 


—0-67 


— -o*6i 


1884 „ 1888.... 


-073 


—1*05 


— o-o8 


— 0-62 


— o'77 


Mean Temp. 


44*17 


43*45 


43*12 


43*58 


44*25 


The Year. 


1849 to 1853 .... —0-29 



•—0-15 



—0*19 



— 0-2X 


-Hro8 


1854 „ 1858 .... 




-O'OI 


• 


-o-ii 




-0*40 


--OI7 


—004 


1859 1. 1863 .... 




-0-55 


- 


-0-43 




-0-05 


--0-34 


- 


-0-32 


1864 ,, 1868.... 




-o*6o 


- 


[-1-03 




-0-55 


- -0-73 


- 


-0-69 


1869 „ 1873 




-0*27 


- 


-o*39 




-0-22 


--0-29 


- 


-0-22 


1874 „ 1878.... 




-0*50 


- 


ho-53 




-0-29 


--0-44 


- 


Uo-38 


1879 „ 1883 .... 


--0-88 


— i-o8 


— 0-68 


— 0-88 


-0-83 


1884 „ 1888.... 


—074 


—1*23 


—0-63 


—0-87 


—079 


Mean Temp. 


49*02 


48-24 


47'50 


48-25 49*49 
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the last two sets of means in each division of Table III. been wanting, it 
might have been supposed that there was some evidence of increase of tem- 
perature, but the means 1879 to 1888 and 1884 to 1888 are persistently 
low in each quarter without exception. We see further the impossibility 
of determining mean values of temperature in this part of the world from 
observations extending over so small a period as ten years. For, forming 
the yearly mean for such periods from the numbers given in Tables I. and 
n., we have the following results : — 



Between Latitudes 



Period. 


61° & 62°. 


62° & 58°. 


68° & 64°. 


Boyal Observatory 
Qreenwich. 







o 


o 


o 


1849 to 1868 


48-88 


48-22 


47-60 


49-51 


1859 to 1868 


49-69 


48-97 


47-80 


49-99 


1869 to 1878 


49-41 


48-70 


47-75 


49-79 


1879 to 1888 


48-21 


47-09 


46-85 


48-68 


Extreme range 


1-88 


1-88 


0-95 


1-81 


These differences 


1 of annual me 


lans are, I think, very stri 


kmpi and instruc- 



tive. The greater range between latitudes 52° and 58° may be due to the 
more inland position of stations in this group. But monthly means afford 
instances of yet greater inequalities. Thus, in Mr. Eaton^s table of Belville 
temperatures, Table Y . of the paper to which reference has already been made, 
the mean temperature of the month of December for the period 1811 to 1819 
(nine years) is 87°*8, and for the period 1820 to 1828 (also nine years) is 
41°-8, a difference of 4°-6. Again the mean temperature of the month of 
October for the period 1855 to 1866 (twelve years) for Greenwich, as found 
from the eye observation series here employed, is 52°'0, and for the period 
1867 to 1881 (fifteen years) is 49°-2, a difference of 2°-8. Evidently, there- 
fore, to obtain reliable mean values in England, observations through a long 
series of years are required. Whilst for investigation of the existence of any 
appreciable secular variation of temperature in England, for which I at first 
proposed to employ these results, in the belief that observations made at 
many stations reduced throughout on the same plan might give some informa- 
tion thereon, it is clear that the variations in individual years and periods, 
throughout the area over which the observations extend, are altogether too 
great for such a purpose. 

I have thought that it might be interesting to add the individual mean 
yearly temperature for each of the three series, and also for Greenwich. 
These are given in Table IV. 

We see from this table the preponderance of cold in individual years in 
the concluding years of the series. The extraordinarily low temperature 
of the year 1879 has necessarily considerable influence in lowering the 
temperature of the 1879-1888 period, but the 1884-1888 period is equally 
cpld, although containing no such special year. The variations in the yearly 
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i IT.— Hux TiULT Tnmxuou or tsb Aim ni BaoLUD, 1849 to 1 





Betmeii Latilodea 


1 












ElOMBot 


MtT. 










Mean 




Si'Asa'- 


S»=4S3"- 


S3°*S4°- 


Mmh. 


abova 












General 














Mean. 




1849 


49'S 


48-1 


473 


4-3 


o-o 


SO 


1850 


483 


47-8 


47'' 


477 


— 0-6 


49 


.8jt 


♦8-9 


48-3 


47'4 


48-2 




49 


185a 


497 


49'4 


48-6 


491 


+0-9 


52 


'853 


47a 


469 


46-1 


467 


— 1-6 


48 


>8S4 


489 


484 


483 


48-5 


+o-i 


49 


•853 


46S 


461 


45-8 


462 




47 


1856 


494 
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climatic change, if we may so call it, mnst, one would suppose, influence in a 
considerable degree, not only public health, but also the conditions of agri- 
culture. The inequalities described may have been before pointed out, but 
if so, the circumstances have not come to my knowledge in the same definite 
shape. It would be interesting to know what has happened, during the forty 
years here dealt with, in adjacent countries, and also in other parts of the 
world. 



ATLANTIC WEATHER AND RAPID STEAMSHIP 

NAVIGATION. 

Bt CHABLES HAKDINO, F.B.Met.Soc. 



[Beoeived June 19th— Bead June 19th, 1889.] 

The recent exceptionally fast passages between England and America made 
by the Inman and International steamship City of Paris mark an epoch in 
the history of rapid ocean trayelling and suggest the desirabihty of con- 
sidering whether such voyages offer advantages for weather prediction beyond 
those which have existed for some time past, and which experience has shown, 
that, in the present state of our knowledge, could not hitherto be reckoned on 
for practical purposes. 

The owners of the City of Paris have very kindly supplied me with 
abstracts of the westward — and eastward — ^bound passages made in May, and 
although the vessel experienced generally very fine weather, it can be seen 
with what rapidity she passed through the different weather systems on the 
outward passage. 

The steamship Circassia, keeping a log for the Meteorological Office, was 
also making a passage across the Atlantic at about the same time, but arriv- 
ing in Now York some 40 hours earlier. The changes experienced by the 
one vessel seem distinctly traceable to the other. A disturbance met with 
by the Circassia on May 1st was experienced by the City of Paris further to 
the eastward on the 8rd, and another disturbance met with by the Circassia 
on the 8rd was passed through by the City of Paris between the 5th and 6th. 
During the outward passage the barometer on board the Circassia ranged 
from 29*45 ins. to 80-12 ins. 

The same two vessels also made the homeward passage at about the same 
time, and the meteorological log kept on board the Circassia shows an inter- 
esting case of a slow travelling disturbance, a fact which an incoming steamer 
might well have made known on her arrival in England. On May 17th and 
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18th, in about 6(f N and between 40^ and 25° W, the CircasHa had a falling 
barometer with a Northerly wind, the barometer registering as low as 29'5 ins. ; 
and after this a rising barometer was experienced, on May 19th and 20th, with 
a Soatherly wind. In this case the vessel was doubtless ontstripping the 
depression, which, like her, was travelling eastwards. The barometer 
during the homeward passage ranged from 29*52 ins. to 80*24 ins. 
The Circama passed part of a vessel's deck in about 42° N, 68° W, on May 
Idth, also an iceberg in 47° N, 48° W, on May 16th, and she experienced a 
good deal of fog as far east as 40^ W. To further show the dangers which 
existed about this time, it is seen from a report in the Times of May 28th 
that the Cunard steamship Servia, bound eastward, passed a derelict schooner, 
the David W, Hunt, in 44° 58' N, 41° 41' W, on May 28rd. 

The Inman steamship City of Paris made the outward passage from 
Roche's Point to Sandy Hook in 5 days 28 hours 7 mins., the rate throughout 
the passage averaging 20 miles an hour, whilst the quickest run was 511 miles 
in the 24 hours. The homeward or eastward bound passage was made in 6 
days 29 mins., which also gives an average rate of 20 miles an hour through- 
out the passage. Thus it will be seen that the speed now attained by our 
fast Atlantic liners is in excess of the average speed with which a storm- 
system or area of barometrical disturbance travels in its eastward course over 
the Atlantic. 

Professor Loomis, in his Contributions to Meteorology, Revised Edition, 
says : << I have determined the average velocity of storm-centres over the 
Atlantic Ocean by a comparison of the monthly charts of storm tracks, 
published with the International Bulletin, for a period of four years from 
1879 to 1882. The following Table shows in miles per hour the average 
rate of progress for each month in the year : 

<tan. Feb. March. April. May. June. July. Aug. Sept. Oct. Nov. Doc. 
17-4 19-5 19*7 19-4 16-6 17-6 15-8 16-8 17-2 187 20*0 18 3 

The average velocity for the entire year is 18 miles per hour." The average 
velocity over the United States is 28*4 miles per hour, whilst over Europe it 
is only 16*7 miles per hour. Professor Loomis says, << There must be a 
powerful cause which accelerates the movement of storm areas in the United 
States, and which does not operate in Southern Asia or in the West Indies^ 
at least in an equal degree. This cause, or one of these causes, is probably" 
the precipitation in the form of rain or snow which usually takes place oxx 
the east side of a storm area, greatly in excess of that on the west side, by 
which means the progress of the storm-centre is greatly accelerated." 

From an investigation in the Nautical Magazine, Vol. L. pp. 848-861; 
giving the tracks of the storm-centres in the North Atlantic in 1879, based 
upon the United States Monthly Weather Review, it appears that during that 
year there wore 59 storm- systems which left the American waters, and of 
these 37 crossed the Atlantic and were experienced on the European coasts, 
and iu 80 cases the force of the wind amounted to a gale. The average speed 
of all the storms which crossed the Atlantic during the year was 18 miles 
ftu hour. 
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An instance or two of actual weather experienced may help the reader to 
form an opinion as to the yalne of the prompt receipt of observations over 
the Atlantic. 

In March 1887 the steamship Celtic was steaming quickly to the eastward, 
and experienced a Northerly wind for about 8 days with a rapidly falling 
barometer, the mercury changing from 80*6 ins. to 29*0 ins. The wind 
attained the force of a strong gale, and was blowing with gale force for more 
than 24 hours. In this case the vessel was evidently overtaking a storm 
in its passage to the eastward. The Daily International Chart, pub- 
lished by the United States Signal Service, shows that this depression moved 
very slowly across the Atlantic ; it only advanced 5° to the eastward, in lati- 
tude slightly to the north of 40^, between the noons of the 7th and 8th. 
A large area of high barometric pressure was situated to the south of Iceland, 
which blocked the passage for the usual path of the storm area to the north- 
eastward, and during the whole of the early part of the month we in Eng- 
land were enjoying dry and quiet weather. The disturbance apparently at 
length passed over Spain on the 14th. 

The steamship Ethiopia, on December 4th and 5th, 1888, steamed from 
21° W to the north of Ireland with a moderate gale from southward, the 
barometer rising quickly all the time, the change of reading being from 
29*05 ins. to 29*95 ins., the rate of rise being more rapid as the vessel 
approached the land. The explanation again is that the vessel was overtaking 
the disturbance. The rain area in this case seemed to be limited greatly to 
near the central area of the storm. The disposition of pressure at this time 
over England, as well as to the westward, was favourable for the northerly 
track of storm-centres approaching our shores from off the Atlantic. 

It would often happen that an incoming storm would travel at a very much 
higher rate than a homeward bound vessel ; a case in point is well shown in 
a Paper I communicated to the Society on ** The Storm which crossed the 
British Islands between September 1st and 8rd, 1888, and its Track over the 
North Atlantic " {Quarterly Journal, Vol. X. p. 7). This disturbance crossed 
the Atlantic at the high rate of 40 miles an hour. 

The object of this Paper is not to attempt to show that storms in our 
Islands could be forecast by telegrams from America indicating the disturb* 
ances met with by westward bound vessels, although I have long held the 
opinion that with the whole fleet of Trans -Atlantic steamships co-operating 
in this endeavour, the system would often be highly valuable. The 
information obtained from westward bound vessels might be supplemented 
by returns promptly forwarded by eastward bound vessels, and it would be 
better still if such returns could be handed to some responsible person, say 
at Qacenstown, who could concisely summarise the essence of the information 
before posting the returns. We could, by the receipt of information both 
from outward and homeward bound vessels, be in possession of data suffi- 
ciently exact to form approximate weather charts of the whole section of 
tlic Atlantic on the route followed by steamships between America and 
Europe. A fairly complete knowledge of the conditions prevailing over the 
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whole belt of the ocean might be obtained by about 8 days after date, and 
even in one or two days after date the conditions over thjp part of the 
Atlantic might be fairly well known. 

By the extension of the DaUy Weather Report information over a larger 
area of Europe, we now get a more complete account of the weather to the 
eastward of the British Isles, and this is doubtless of great value. It is, 
however, beyond dispute that by far the larger part of our weather changes 
come in from the Atlantic, travelling roughly in a course from West to East, 
or more precisely from West-south-west to East-north-east, and this simple 
fact points clearly to the direction in which we must look for real advance in 
our weather knowledge. 

The feature to which I wish to attach the greatest importance is that, 
by carrying out the suggestion indicated above, we should have a fairly good 
approximate idea of the distribution of pressure over the Atlantic, and 
could trace the changes which are taking place from day to day. 

The average conditions of barometer, air and sea temperature, wind and 
weather, are now well known over the whole ocean, and much advance has 
been made of late years in our knowledge of the different weather types which 
accompany certain conditions. These facts greatly enhance the value of a 
few isolated observations scattered over the Atlantic, since from these we can 
judge whether the conditions are normal or abnormal, and with improved 
weather types fresh advantages would undoubtedly accrue. 

I will not here enter into the details which might be adopted with the view 
of improving our knowledge of the existing conditions ; a study of the Atlantic 
Synchronous Charts of the Meteorological Office will in a great measure 
suggest these. 

In conclusion I have, however, to thank the Meteorological Council for 
permission to use the materials from the Office Logs. 
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METEOROLOGICAL OBSERVATIONS MADE AT IGHANG, 
CHINA, and at SOUTH CAPE, FORMOSA, in 1888. 

By WILLIAM DOBERCK, Ph.D., F.R.Met.Soc., Goveniment ABtronomer, 

Hongkong. 



[Beedyed May 13th.— Bead Jane 19th, 1889.] 

The meteorological stations at Ichang, far inland in China, and at South 
Cape, washed hy the Pacific Ocean, supply a asefol link between Hongkong, 
Zi-Ea-Wei and Japan. Ichang is also nearer the stations inland in Siberia, 
of whose pecoliarities its climate partakes to a slight extent. It is, there- 
fore, believed that the reduction and publication of results of observa- 
tions made during a whole year is not a superfluous work. 

The observations have been made in accordance with the Instructions for 
making Meteorological Obeervations in Chinas issued by the author in 1888, 
with instruments verified at the Hongkong Observatory. Neither station 
has been inspected since that year. 

The atmospheric pressure at South Cape has been reduced to mean sea- 
level, but not so at Ichang, the altitude of the latter station being known only 
from barometric comparisons. The corrections — ^to observations made in 
slightly modified and enlarged Stevenson screens — ^required to reduce them 
to true air temperature, according to Observations and Researches made at the 
Hongkong Observatory in the year 1886 (Appendix A), have not been 
applied, as the results for the inland station plainly indicate them to be 
insufficient, because too small for that station. The author believes that on 
some hot days the thermometers in Ichang indicate temperatures 6^ above 
the air temperature. The corrections might, however, with advantage be 
applied at South Cape, as the instruments there are well exposed. 

In this connection the following remark from the 6th par. of my Annual 
Report for 1886, published cm the 81st August 1887, may be considered: — 

" The results obtained by comparison of thermometers exposed in Stevenson^s 
screen with the true air and damp bulb temperatures, showed the temperature in 
the screen to be generally a little too low during the night, a fact that would 
scarcely be noticeable in a temperate and dr^ chmate, where the temperature 
falls so quickly during the early part of the mght. Thermometers exposed in a 
wooden screen lagging behind the true air temperature would there more likely 
read too high ; but in Hongkong, where the temperature falls so very slowly 
during the night, and is even frequently rising a little between sunset and 10 p.m., 
the readings depend solely on the exposure of the thermometers. Thermome- 
ters exposed in an unpainted wooden screen placed on an open grass plot, would, 
perhaps, read slightly too high in the evening, even in a tropical climate ; and 
from experience gained here I would suggest this as a most satisfactory ex- 
posure of thermometers for ordinary use. A metallic screen causes the thermo- 
meters to read too low during the night. The Stevenson screen being covered 
with a thick coating of wliite lead, partakes of the nature of a metallic screen, 
as white lead has the same radiating power as lamp-black, according to Leslie.'* 
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The thermometers are placed 4 feet above the ground, and the rims of the 
8 inch rain-gauges are 1 foot above the ground. The cistern of the baro- 
meter at South Cape is 121 feet above sea-level. The heights of the 
mercury and the rainfall are expressed in inches, the temperature in degrees 
Fahrenheit, the relative humidity in percentage of saturation, and the force 
of the wind according to Beaufort's scale (0 — 12). The wind force appears 
to be correctly estimated at Ichang, or at any rate not under-estimated. At 
South Cape it is probably a little under-estimated. It will soon be pos- 
sible to ascertain the latter fact by comparison with the anemograms now 
being taken at that important point. 

At Ichang the instruments (including the rain-gauge) are read at 8 a.m., 9 
a.m., 8 p.m., and 9 p.m., and the means given in Table I. are the means of 
the readings at those hours. The maxima are read at 9 p.m., and the minima 
at 9 a.m. At South Cape the instruments are read at 8 a.m., 6 a.m., 9 a.m., 
noon, 8 p.m., 6 p.m., 9 p.m., and midnight, and the means in Table 11. 
are the means of the readings at those hours. The extreme temperatures 
are read at 9 a.m., the maxima being entered to the preceding day. The 
rainfall b read at 9 a.m. and entered to the preceding day. The amount of 
cloud is indicated by the letters 6, c or o, which are here assumed equal to 
1, 6 and 9-tenths of sky clouded (Comp. Instructional page 24). 

At Ichang the variations of pressure, both periodic and non-periodic, 
are twice as great as at South Cape, so that a high or rising barometer at 
the former station indicates increasing North-east winds along the South- 
east coast of China, and a low or falling barometer increasing South winds 
along the coast. The daily variation of pressure is smallest at Ichang. 

The mean temperatures during the hottest part of the year are about the 
same at all Chinese stations south of the Yang-tzo-kiang. The values for 
Ichang are, moreover, probably as much as nearly 2° too high, while at 
South Cape the error cannot amount to as much as 1^. The air tem- 
perature during the hottest part of the afternoon is, however, greater in the 
north, although, perhaps, about a third of the difference between the figures 
must be attributed, to effects of radiation. The mean daily range at Ichang 
is given as 15^*4, which is of course several degrees too much, the excess 
being caused by radiation, particularly in the summer months. The mean 
range, 8^*9 at South Cape, requires a correction of —2^, which is seen to 
bring it down to the value of Hongkong. But even so, the great difference 
between the inland and coast climate remains conspicuous. Also the monthly 
extremes are much wider apart inland. The temperature at Ichang varied 85^ 
in the course of the year. The intensity of solar radiation is of course greatest 
at the southern station — also in summer, as the length of the day does not 
affect the value of the maximum ; for, although the black bulb in vacuo 
may be considered a sluggish instrnraont, it is never more than about twenty 
minutes behind. The reason why curves for black-bulb and duration of 
sunshine resemble each other must bo that it is hottest iu the sun on very 
clear days. The grass minimum thermometers appear to be practically 
useless. In order to obtain information about terrestrial radiation, a black 
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bolb thennometer (not self- listens g) in Uie focus of a bright i 
refieotor, the axis of which can bo directed anywhere, appeare to b( 
Bai7 (Comp. Nature, Oct. 26, 1888). 

The relative humidity is greatest at Sooth Cape, and the diffe 
probably a little larger than appears from the figaree. At this et 
weather is much drier during the height of the North'eaat Moiu 
during the typhoon eeaeon, hot at Ichang there is no pronounce 
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v&riatioD of relative bomidity. The absolute humidity increases, of course, 
greatly in summer. The relative bamiditiea here given are calculated by 
ud of Blanfurd's tables, which are tbe best ; but ae thoy are nearly adapted 
for use with the rotating thermometers, it follows that they fumiah too groat 
humidities when the pBychrometer ia plac«d in a~acreen without artificial 
ventilation. On the other hand, it is impossible to adapt tables to the circnm- 
staocea in the screen withont having the wind force registered at eoob obser- 
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nation by a small anemometer placed inside the screen, and using a different 
Bet of tables for each wind force. 

The amount of cload is greatest daring the winter at Ichang. This resnlt 
was unexpected. There is not much difference between the single months 
at South Cape in that respect, bnt perhaps it may be a little doadier in 
summer, which is the rainy season at both stations. On the east coast of 
Formosa it is clearest in sommer, while on the west coast it is clearest in 
winter. 

At South Gape the North-east Monsoon preyuls during upwards of eight 
months. In summer the mean direction of the wind is largely inflaenoed 
by typhoons. At Ichang the mean direction does not differ mnch from 
South-east, which is dae to the Yang-tze-Eiang, the wind having a tendency 
to blow along snch rivers. That is remarked on every jonmey along 
its banks, the wind changing every time the river makes a bend. 

The maximum wind force means the greatest daily mean force. It is least 
at the inland station because typhoons cease to blow very hard as soon as the 
storm enters the mainland. Probably the freshest winds experienced at 
Ichang are due to thunder-squalls. 



[The following Sunshine Values have been received fi^m Dr. Doberck 
since the above paper was read ; they are appended hereto, as they afford 
additional information for the year 1888. — ^£o.] 



SUNSHINE AT SOUTH CAPE AND HONGKONG. 

A Sunshine Recorder was fixed at South Cape in March 1888. The fol- 
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1889, to which are added the corresponding values for Hongkong. 
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It appears that thero is only three-quarters as mnch snnshine at Hongkong 
as at South Cape, which is a very sunny place. Thero is only a trace at the 
latter station of the marked annual variation which obtains at Hongkong, 
where clear weather prevails in autumn and overcast skies in spring. 



lETEOROLOGIGiL PHENOOEHA OBSERVED DURIHG 1876-87 IH THE 

HEIGHBOURHOOD OF CHELMSFORD. 

By henry CORDER. 
(Communicated by G. J. Stmons, F.R.S., Secretary.) 



[Received April 17th.— Bead Jane 19th, 1889.] 

The accompanying Tables are compiled from a series of observations made, in 
the first part of the period at Writtle, which is about 1^ miles South-west of 
Chelmsford, and after September 1880, at Great Baddow, a village about 
the same distance South-east of Chelmsford ; but during the first part of the 
time I was indebted to Mr. W. Impey of Broomfield HaU, 2 miles North of 
Chelmsford, for the rainfEill returns. 

In the tables of wet days, it was my custom to record even the slightest 
shower, so that the number of wet or snowy days appears larger than it would 
have done if I had only recorded those as '* wet " on which a measurable 
amount of rain fell. 

One of the most interesting of the tables is that recording the number of 
solar halos, and it is my opinion that these phenomena do not to any great 
extent presage rain, as is commonly supposed, but that the most brilliant 
ones are commonest in April and May, in seasons when the spring is cold and 
dry. They may, however, be possibly divided into dry and wet halos, the 
latter being generally ill-defined and with very faint arcs above and touching 
them, whilst those in dry weather are clearly defined, but the halo itself 
is faint in comparison to the upper tangential arc. This arc appears curved 
upwards at sunrise or sunset, it then gradually straightens, and when the sun 
is high the ends hang downwards, occasionally joining another arc from below 
forming an oval halo outside the circular one. On one occasion the two 
halos were concentric. Only 17 observations of the great halo were made, 
and 12 of the circumzenithal arc which forms a rainbow-coloured circle 
touching the great halo. Mock suns were observed on 157 days, or about once 
a month, and their maximum is about 6 weeks earlier in the year than that of 
the halos. Only one observation of mock moons was made. In conclusion, 
I would wish to call the attention of observers to these phenomena, which, 
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owing perhaps to the brilliancy of the bodies causing them, are ^t to be 
overlooked. 

Rain, — The wettest month is Novtmber, and the driest Jane. The 
wettest year was 1879, the driest 1887. 

October shows the most rainy days, and February the fewest, and 1877 
in this case the most instead of the very wet year 1879. 

Snow is observed oftenest in January, only once in May, and then not 
again until October with only 8 observations. It was much the most 
abundant in 1879, but in the winter of 1881-1882 only on 7 days. 

Hail is rather difficult to separate from hard snow, but care has been 
taken to keep free from this error, and March, April, and May show the 
highest records, while in July, August, and September it is least frequent. 
It is only observed on about 10 days a year. 

Frosts registered on the ground were most numerous in 1879 and 1887f 
and are more frequent in January. The single record for July was not a 
very certain one, but there was no doubt, a frost in low-lying places on that 
occasion. March shows more than February, even in larger proportion than 
the shortness of the latter month would account for. 

Fogs show a very regular increase from July to their maximum in 
December and January, but seem more numerous in June than in the month 
before and after it. 

Solar Halos have been carefully observed, 1081 having been noted in 18 
years, an average of 88 per year. These include only the ordinary halo at 
about 22^ distance, but the small arc touching on the upper part has some- 
times been taken to indicate a halo. This arc is of less radius at sunset or 
sunrise, straightening out when the sun is higher and becoming curved 
downwards at midday in summer. On one occasion a double halo resulted 
from the joining of arcs above and below, and once the ring appeared com- 
pletely double (this was not the great halo at 46°). They[are most vivid and 
frequent in dry cold weather in the spring, and when the arc is brightest are 
more a sign of dry and cold weather than wet. 

Mock Suns were observed 157 times, and are also commonest in the cold 
spring time, though rather earlier in the year than the halos. March shows 
the highest record for them, whereas it is April and May for the halo. 

Thunder and Lightning were most observed in 1878, and least in 1887. 
This was partly owing to less notice being given to summer lightning at 
night. It is most abundant in July and August, and least so in February. 

Rainbows were observed on 207 days in 18 years, and seem distinctly 
most numerous in July, which is curious, as the sun is then too high during 
a greater part of the day to show them ; it probably shows that thunder 
showers are commonest in that month in the evening just before sunset. 

Wi7idy Daps, i,e, when the force of wind was equal to about 5 of a scale 
of 12. — March and April show the highest records, although the winds were 
not so violent as in the autumn gales. 

Rainfall. — Table m. shows the distribution in the various months, 
although not all registered at the same place, the villages being about 5 mil^ 
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apart. The first 6 months show an ayerage of under 2 inches, March heing 
the driest and October the wettest. This was partly owing to the heavy 
local fall of nearly 8 inches in October 1880. 

The wettest year was 1879, the driest 1884. 

Auroras (including auroral glows without streamers). — This phenomenon 
seems decidedly most common in November, although rather remarkable 
examples were seen in October and March. They were more abundant before 
this table commences, especially in 1870, 1871, 1872 and 1878, daring the 
time of the sun-spot maximum, which was not so well marked in 1880.' 

Thunderstorms within a mile, — This record was commenced because, owing 
to irregular watches for shooting stars and astronomical observations, 
summer lightning would probably be more noticed in some months than 
others, and so give a wrong idea of the number of actual thunderstorms. 
Thus it shows July to have the most thunder, although more lightning was 
observed in August. 

Red Sunsets seem to be most abundant in the latter half of the year. 
August shows the highest total, but nothing very marked is observable in 
this register. 

** April Showers,** — As the record has only been kept for 6 years the 
results are not of much value, but they tend to show that May rather than 
April is the month of showers, but this is partly owing to the unusually high 
number in 1885 — 18 days in the month. 

Notes on Thundebstobms. 

July 11, 1872. A close afternoon followed by tremendous storms ; I 
counted 49 flashes in one minute. 2^ inches of rain. 

July 5, 1877. An Ehn tree struck at Writtle (Essex), the top twig killed, 
and a narrow slit made in the bark to the ground, which was slightly 
upturned. 

July 6, 1877. An Oak tree stiuck at Writtle, the stem, 4 ft. in circum- 
ference and 12 ft. high, being completely barked, and though still left 
standing the wood was entirely split up into shreds. 

July 28, 1878. Thundercloud very high up and peals lasting for at least 
1} minute— one, indeed, for 2 minutes, but perhaps from two flashes. 

June 80, 1878. Thunderclouds very low and peals very short. 

August, 1878. A series of storms on several days. Colour noted. One 
evening at 9 p.m., storm distant 20 miles and lightning very purple. Next 
night a nearer one and lightning green, yellow, and purplish white. 

August 28, 1878. Violent storm over Chelmsford, a windmill and 2 houses 
struck. Thunder in loud explosions. 

September 8, 1878. Storm north of Safiron Walden, the thunder heard 
near Chelmsford. Time between flash and thunder from 70 to 180 seconds. 

August 2, 1879. Very heavy storms of hail over the country and great 
damage. Counted 1611 flashes in 71 minutes in the night ; highest number 
44 in one minute. Only 0*21 in. of rain, but at Cambridge 8^ inches. 

^ The Bonspot maximum was in 1883.— J^. 
K^W SEBIES,— VOL. XY. T 
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July 1, 1880, Thunderstorm nearly overhead. One olap of thnndw 
ooiabg 11 seconds after lightning and lasting for 90 seconds. 

July 8, 1880. Storm overbead. Some claps, coming only 4 seconds after 
lightning, began qnietly, then went off vith a snddeo explosion ahaUng 
vindows. 

September 11, 1880. Storm at night. Flashes very persistent, soma 
lasting in a flickering manner for 2 or 8 seoonds. 



PHEKOMGHA IN NEiaHBOUSUOOD OF ' 



TABLE m.— RuNVALL IT Bbdomtibui iHD Baddow, 187S-1SS7. 



•Sou. 




1 


1 


i 


& 

a 


1 


fr. 


i 

In 


1 


1 


1 

1 


1 


1 






In. 


In, 


In. 


In. 1 In. 


In. In. 


In, 


In. 


Id. 


1875 . 


* 




^ 


■47 


\■^', 


uoolj-e: 


4-40 


■7" 


l'39 4'45 3'34 




2b'34 








" a7i 




ne 


1-4^ 


■ij" 


rV' 




S-U1 


2V6. 


1877 A 






74'3'H 






■->' 


271, 




-90, .-85' 3-2. 


'74 










2S| i-o; 


I4*|3'« 


'IS 






■51 Vif 3-9j 


I'os 


a3-03 
























iSSo 


•S 




So 'Bt 


■ ■Sgl 76 


J-2^ 


4-2 S 


■St 


a'9S r33 a-51 


a-W) 


27-18 


1881 1 


7t 




77I n; 


73 75 


1-71 


I7t 


3-b: 


1-04 379 a'St 


rqa 


tybg 


1883 1 












V41 


r49'i'36;4'B9 27c 


2'H8 




1883 > 


■i* 


'. 


SH ■()( 






■60 2-64' 2-46 3'i; 


■qi 


23 '43 




i- 






I ■04, -4; 






■■i' 


2-52 175 


i-if 


2-(lS 


17'93 


1885 J 


41 


: 


H' "'T' 


1-47 =-3S 


i-(i: 




3'2H 




l-o: 




25-69 








15I "-2- 






2-T- 








3-l8 


21-87 


1887 I 


7B 


•48 ■■47| i-as' '-63 


■54 




2-24 


'■94 I'SM 


3-»7 


'■31 


'9'S7 


AvtraRP., I 


;o'r55't-4i'r-66tl7'''-86 


a-38' 2-13 


278 2>87 


2-72'2-oB 


24-43 



October 8, 1860. Stonu came over in morning. Thunder lasting from 70 
to 80 aeconds. Last clap 71 eeconda after lightning. 

July 5, 1881. Uany etormB all over the conntr? at night. Claps of 
thunder lasted as long as 100 seconds. 

April 6, 1662. Very interesting observation of distant thunder. Bky 
clear except a bank of doad in Sonth-east. I saw 8 bright flashes at long 
intervals, all folloved by thunder which was snfficient to shake the windows. 
I only was able to count the time between one flash and the thunder, which 
did not come nntil 200 seconds after. This is bj far the longest interval I 
ever noted. The other two flashes agreed as near as I could judge, hat were 
unexpected and not counted. I think there is no possibility of error in this 
observation. 

June 16. 1882. Another good instance of eiploaive thunder. Each time 
the clap commencod very gently, it being almost impossible to tell the exact 
moment; at from 6 to 20 bmooAb a violent explosion came, followed by 
Bsveral sharper ones, but getting less lond, till in from 80 to 60 seconds it 
rambled gradnally away. 

Jnly 1,1888. I think it was on this date that a great thonderstorm occurred 
at Norwich in the afternoon, doing mnch damage— it went off in Hie direction 
of Yarmouth, I was told. In the evening of that day at Baddow (Chelmsford), 
from 9 until 11 p.m., we beard distant rumblings in the North-east, audible 
even in a dosed room and almost continuous. Except for a very low bank 
of cloud in the North-east it was dear, and I could see no lightning, but the 
twilight in the North might have prevented. I wrote inquiring whether 
any storm had been seen or heard at Ipswich or Sudbnry, bnt conld hear of 
none, except a very donbtfnl account of one at Haughley in Suffolk. If so 
it WM about 60 miles distant, bat it remuns a mystery. 
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Aagast 9, 1884. Heavy distant storm ; the first thunder noticed coming 
145 seconds after the lightning. 

Angnst 28, 1886. Distant lightning at;night. Newspapers reported storms 
at Paris and Bonen at that time, 9 p.m. 

Octoher 20, 1886. Heavy storms in Essex. Thunder bursting like 
cannon. The storm gathered over North Essex ; the sky quite clear over 
Thames vaUey. One long flash travelled from North-west to East, throwing 
off branching flashes. The sound of the thunder evidently commenced at 
the terminal point, rolling back along the track to the commencement. 

November 26, 1888. A very odd observation of lightning. A heavy hail 
shower passed over Bridgwater, and after a short time a brilliant flash of 
lightning appeared. I was looking on the ground, but after I looked up the 
flash was seen fading away exactly like the streak left by a meteor, but zigzag. 
Fortunately two other people observed it, so that I am able to assert posi- 
tively that the flash was as it were left in the sky for an appreciable time 
without in any way altering in shape or position, but merely fading gradually. 
That it was not a case of persistence of vision is proved by my looking up 
after the flash and finding its ** streak " left. Its zigzag character and 
obvious thunder also preclude the idea that it might have been a daylight 
meteor. 



OH DiliGE BT UGHTHIHG AT HilPSTEiD, OH I&T 23r(l, 1889. 

By G. J. SYMONS, P.R.S., Secretary. 



[Bead June 19th, 1889.] 

For information of the occurrence which I am about to relate, and for much 
help in attempting to understand what occurred, I am indebted to a Fellow of 
our Society, Mr. B. Woodd Smith, close to whose lodge gates the accident hap- 
pened. Inaeed the description might more appropriately stand in his name than 
m mine. 

The circumstances present much parallelism with those of the injury to a 
street lamp near Bootham Bar, York, which is fully described with engravings 
in the Report of the Lightning Rod Conference (p. 219). 

In the York cases the site of injury may be described as a hollow, if not 
almost a pit ; in the Hampstead one the part in which the accident occurred is 
at least 30 feet below the top of Hampstead, and on a rapid slope ; the actual site 
of injury is surrounded by trees and buildings considerably higher than itself 
and quite close to it. 

It will be seen from the accompanying fig. that the branches of the tree actually 
covered the lamp post, and yet the tree shows no injury, and the damage was all 
done at the height of less than 11 ft. from the ground. The lamp post had 
the usual ladder-rest pointing towards the wall, and it at first sight seems 
curious that the wall is injured, not centrally opposite to tiie end of this ladder- 
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rest, but almost a foot below, Biid toonceide of, it. The injur; to the wall seemB 
to have come from the roadside, became most of the bricks forced out were 
Mattered over the earden. The ivy which covered the inside of the wall was 
also tlirown over the beda, bat that ie probablj not auch strong evidence of 
direction as the position of the bricks. 




The lamp, of the usual London pattern, was a square one, dropped into the 
square holder at the top of the lamp post. It is slightly broken at the bottom, 
but its chief injuries are on the aides, on that towards the wall ia a hole of aboat 
j of an inch diameter, rather below the centre of the pane. This hole, which is 
roughly circular, haa evidently been made from the wall side, i.t. inwards, not 
outwards, because the edges are Saked off on the inside, and the fragments of 
glass are left on the bottom inside. There ia a much larger hole in the opposite 
(or road side) pane ; but, as the edges are broken clean, there is no evidence aa 
to the direction whence this was broken. A fragment of brick was found in the 
lamp, but in my opinion much too small to have caused even the smaller hole, and 
it /ottiori the larger, besides which, if the bit of brick were projected with such 
force as to pierce the first pane and break out the second, it wonid probably have 
passed through the Utter and fallen to the ground. 
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In a case like this, it would be presomptuous to attempt any definite explana- 
tion ; one can only safely state facts, and offer suggestions. 

The injury occurred during heavy rain, when the tree, wall, ivy and every- 
thing else would be covered with water. There are several trees inside the wall, 
which at about 6 feet above the ground are supported by iron collars, whence 
wire guy ropes reached in several directions. 

Possibly, the trees being so wet, received a slight flash of lightning without 
injury, and this would distribute itself over the collars and guy ropes. 

The burner of the lamp (it was not alight, as the accident occurred about 
5 p.m.) would be in perfect connection with the hundreds of miles of gas mains 
throughout the Metropolis, and a far better earth than the lamp post itself, which 
would be in connection with nearly dry earth only, and moreover probably very 
much covered with rust at every joint. 

If this be the case, may there not have been two electrodes, one on each side 
of the wall? the electricity of the storm-cloud brought down the guy wires of 
the trees, and the electricity of the earth led up to the jet inside the lamp. 
Might not a disruptive discharge between these two account for the mischief? 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

May 15th, 1889. 
Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

Thomas Henry Hall, Hope House, Hebden Bridge, via Manchester, 
was balloted for and duly elected a Fellow of the Society. 

The following Papers was read : — 

"Account op some Experiments made to investigate the connection 

BETWEEN the PRESSURE AND VELOCITY OP THE WiND." By W. H. DiNES, 

B.A., F.R.MetSoc. (p. 183.) 

*'WiND Storm at Sydney, New South Wales, January 27tu, 1889." 
By II. C. Russell, B.A., F.R.S. (p. 191.) 

" On an improved Method op preparing 02one Paper and other forms 
OF the Test, with Starch and Potassium Iodide." By C. H. Blackley, 
M.D., F.R.Met.Soc. (p. 193.) 

" On the Climate op Akassa, Niger Territory." By Frank Russell, 
F.R.G.S. (p. 199.) 



June 19th, 1889. 

Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

Thomas James Moss Flower, 1 Passage Street, Tower Hill, Bristol ; 
Albert Hubert Halder, F.R.I.B. A., Barberton, South Africa ; 
Robert Anderton Naylor, F.R.G.S., Cuerden Hall, Thelwall, Warrington ; 
and 

Charles Berkeley Penungton, As80c.Mem.In8t.C.E., Apartado 82, Bilbao, 
Spain, 
were balloted for and duly elected Fellows of the Society. 
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The following Papers were read : — 

" The Cumate op Bbitish North Bobneo." By Robert H. Scott, M.A., 
F.R.S. (p. 206.) 

" Thunderstorms op June 2nd, 6th and 7th, 1889." By William Marriott, 
F.R.MetSoc. (p. 219.) 

** On the Variation op Temperature op the Air in England during the 
period 1849 TO 1888." By William Elus, F.R.A.S., F.R.Met.Soc. (p. 228.) 

" Atlantic Weather and rapid Steamship Navigation." By Charles 
Harding, P.R.Met.Soc. (p. 235.) 

" Meteorolgical Phenomena observed during 1876-87 in the neigh- 
bourhood OP Chelmspord." By Henry Corder. (p. 245.) 

" Rainpall in China ; and Meteorological Observations at Ichang and 
South Cape in 1888." By W. Doberck, Ph.D., P.R.Met.Soc. (p. 239.) 

" On Damage by Lightning at Hampstead, on May 23rd, 1889." By G. J. 
Symons, F.R.S. (p. 250.) 



CORRESPONDENCE AND NOTES. 

Silver Thaw. 

In the discassion on Mr. Plowrighf s paper on Rime Frost (p. 139), it seemed to be 
assamed that Silver Thaw was occasioned bv the freezing of rain by contact with 
cold surfaces, such as the earth, branches ox trees, herbage, &c. 

1 have had several opportunities of observing this phenomenon, and have been 
struck by the thickness of the deposit on bodies having little capacity for heat, 
and moreover of great tenuity. Blades of grass, for instance, have received a 
coating of clear ice of the thickness of a penny piece. 

Small twigs have increased to three times their original diameter, and so on. 
It was evident to my mind that mere conduction of heat would not explain the 
phenomenon, but that some other cause must be looked for. 

That cause is, I beg to suggest, none other than superfusion ; the substance 
that falls is not water, but super/used ice, which only needs the contact of a 
nucleus to at once crystallise, as is the case with many other substances known 
to] physicists. Superfusion is closely analogous with snpersaturation, but has 
not, I believe, attracted the same amount of attention. 

Thos. B. Groves, F.R.Met.Soc. 



Inplubnce op Forests on the Climate op Sweden. 

Dr. H. E. Hambero has recently issued Part III. of his work on this subject, 
which consists of a series of reports on investigations carried out at the Central 
Meteorological Institute, Stockholm, at the joint expense of the Swedish Woods 
and Forests Department, and of the Society of Rural Economy of the Govern- 
ment of Upsala. The author again draws attention to the fact that his results 
applv only to Sweden. 

Tne following are the conclusions at which he arrives : — 

The excess of water supplied to the atmosphere by the forest vegetation, 
above that which would be supplied by the same area of bare soil, is certainly 
considerable, and if that amount of vapour remained over the forest or was 
restored to the soil in the form of rain, it would be of great utility, but the 
wind carries this vapour away and disperses it on all sides, so that its useful 
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eflect to our own country is scarcely if at all perceptible. Accordingly, the differ- 
ence of absolute as well as of relative hamiaity between the coltivated patches 
in our extensive forest districts and the cultivated plains of our country is very 
slight or almost nil. It is true that relative humidity is greater under trees than 
in the open plain ; but as there is no tillage under trees, and as the relation 
mentioned does not apply to open spaces surrounded by wood, this difference in 
humidity can have no practical importance. 

In our opinion the lakes and large swamps as well as the marshes have a 
much greater influence on atmospheric humidity than the forests. The evapor- 
ation from the latter, for equal areas, is far less than from the former. The 
draining of lakes and swamps has not been regarded with serious alarm. 
Supposing that the atmospheric humidity were slightly diminished by tlie dis- 
appearance of all the forests, as well as of all lakes and swamps, the question 
might be asked as to whether vegetation would suffer materially. We know 
well that it is not proved that plants absorb anything directly from the humidity 
of the air, and so it makes very little matter if that numidity is a little higher or 
a little lower. In the second place, we know that the humidity may vary 
considerably in different years, without any deleterious effect on vegetation if 
the other conditions are favourable to its growth. 

This is not the place to inquire if the humidity would sufEer by such a dis- 
appearance of forests and lakes as mentioned above. In the moist atmosphere 
surrounding the island of Gothland, the vegetation in several years suffers as 
much or even more from dryness than the soil. This dryness is not due 
to reduced humidity of the air, but to the action of the wind and absence 
of rain. The complaint is made, and perhaps justly, that this dryness has 
become more serious since the deforestation, which has been very extensive in 
that island. I do not discuss the question, which has not yet been answered, as 
to whether the rain has diminished owing to this deforestation. It is quite 
certain that the forests were useful to Gothland in a very different way, as 
affording shelter against winds which dry up the soil and damage the crops. 
One effect of forests on atmospheric humidity, which seems to be useful to 
vegetation and a^culture, is the increase oi dew in clearances. Bat this 
increase of dew is not attributable to a greater abundance of vapour in 
the forests, but to the increase of terrestrial radiation induced by the forest. 
And this cooling effect may easily bring on another danger, that of hoar frosts, of 
which already we have more than enough in our forest districts. 

The nocturnal diminution of temperature in a locality and the tendency to the 
production of hoar-frosts, which are closely related to each other, are fortunately 
counterbalanced by agriculture. In an open space surrounded by forests we can 
often see hoar-frost on the uncultivated herbage, while on a field hard by with 
rye in full flower the temperature is much above zero both at the root and at the 
ear of the com. But this higher temperature has been gained at the expense of 
the dew, inasmuch as tillage carries on a struggle with that useful meteorological 
factor. Here, as in many other cases where man intervenes in the course of 
nature, the fact of experience is confirmed that one advantage is secured at the 
expense of another, or that one soil is introduced as another is removed. For 
this reason the agriculturists of SmUand and of Jemtland have preferred bare 
dry elevated lands, exposed to wind, to fields at a lower level wooded and moist, 
but more subject to frost. A farmer who has command of artificial irrigation, 
and whose lands are protected against noxious winds by mountains or by any 
screen, natural or artificial, looks on the forests which surround him and shut 
off his sunlight with very different eyes from those of another, obliged to till an 
island or an open plain exposed to bitter winds. 

If all the forests were cleared what would be the result for the atmospheric 
humidity in Sweden ? Supposing that this clearance did not materially modify 
the quantity of rain that falls, and it is not proved that it would, it seems to us 
that the amount of vapour contained in the stratum of air in which we live 
would not be altered in away which would materially influence vegetation. Pro- 
bably relative humidity would be slightly reduced in summer, because temperature 
would probably rise slightly. 
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Record of the Rainfall for Five Years taken at Frere Town, the 
English Mission Station at Mombasa (Communicated by the Mcteoro- 
ogical Council.) 

Copied from Meteorological Lor, kept by G. D. Tbevor-Ropeh, Surgeon, on board U.M. 

Surveying- Vessel Stork, Commander T. F. Pullen. 



Months. 



January . 
February , 
March . . . 
April . . . . 

May 

June 

July 

August. ... 
September 
October . . , 
November 
December 



1876. 



Totals 



In. 

0-35 

o-i8 

3*57 
6*oo 

i6*i6 
3*11 
4' 60 
2-68 
2*66 
0-97 
0*56 
0'6o 



41-44 



1877. 1878. 



In. 

0*25 
coo 

3-71 
4-50 

12*82 
6*71 
4' 10 

979 

1075 

12-44 
21*05 

3*49 



In. 

7*66 

0*51 

4*75 
12-46 

4-46 

8*o8 

1-09 

4-26 

3-09 

3 '04 
2*09 

0*03 



1879. 



89*61 



51*52 



In. 

0*57 

3''7 
1-39 

10-50 

16 36 

4*3' 
2*20 

i*8i 

1*25 

o*44 

3*02 

o*55 



45*57 



South-west Monsoon commences in March or April. 
North-east Monsoon commences in September or October. 



1880. 



In. 

0*00 

0*36 

1*96 

6*31 

9-62 

1*01 

9*45 

i'39 
0*15 

4*39 
6*26 

1*76 



42*66 



South American Rainfall South of the Tropics. 

Mr. W. B. Tripp, F.R.Met.Soc, in the June No. of the Scottish Geographical 
Moffazine^ has a paper on South American Rainfall, which is iliostrated by a very 
good map showing the mean annual distribution of rainfall. The records of 
rainfall for the continent of South America are very few. Mr. Tripp has, how- 
eyer, made good use of them, and finds that the rainfall in this part of the world 
presents several characteristics very similar to those exhibited in that of those, 
parts of the Cape of Good Hope which occupy respectively similar latitudes 
Like the southern part of Africa^ the two opposite coasts of South America are 
exposed to difEerent rain-producmg winds, the monthly falls in different parts 
attaining their maxima at different seasons of the year. The principal rainfall 
also along the opposite coasts culminates in different latitudes, while in the 
extreme north-western region there is in both cases an almost rainless area. 

The east coast of South Brazil, Uruguay, and the northern portion of the 
Argentine Republic, are exposed to the South-east Trade winds, and the rainfall 
attains its maximum in the spring and summer months. This occurs particularly 
in the sub-tropical inland regions. 

As higher latitudes are reached, the fall becomes more equally distributed 
throughout the year, and the amount decreases from over 60 inches at Uberaba 
to probably some 10 inches or less in parts of Patagonia. 

In those parts of the Argentine Republic lying between Chubut, where the fall, 
so far as hitherto recorded, appears to be under 20 inches, and the few rainfall 
stations round Cape Horn and the Falkland Islands, where the fall appears to bo 
over 20 inches, there appear to be no complete records of rainfall existing ; there 
seems, however, to be every probability that the annual fall dwindles to very 
small proportions in some of the regions. 

The west coast has its principal fall in the latitudes of the Anti-trades. For 
some C^ or T to the south of about 37° south latitude an extremely heavy rain- 
fall occurs in the winter months, brought by winds from the North-west, the 
amount reaching to an annual fall of, in some cases, over 100 inches, some 24 or 
25 inches of which occur in the month of July. 

This is all precipitated within a short distance of the coast, against the steep 
declivities of the Andes, leaving nothing but dry rainless winds to descend the 
other side on to the aria plains of Patagonia. 
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The same thing occurs in an opposite direction in the north-western rainless 
region of which mention has previously been made. 

The moisture being entirely condensed from the South-east Trades on the 
eastern slopes during their passage over the Andes, these winds as they descend 
tlie opposite sides have acquired the extremely dry character which is so well 
known as being characteristic of Peru and part of Bolivia, and which has pro- 
duced such remarkable and well-known local phenomena. 

The condition of winds and currents along the north-west coast are utterly 
unfavourable to any rainfall coming from the sea. In Patagonia, on the other 
hand, the meteorological conditions along the south-east coast appear to be more 
favourable for producing some degree of rain. There appears, however, to be 
every probability that the south-western coast has a much more abundant rainfall 
than the south-eastern, even to the southward of the heavy rainfall districts of 
Chili above referred to. It also appears very probable that lyine between the 
eastern and western coasts of Patagonia there is a dry^belt getting little rain 
from either side. 



RECENT PUBLICATIONS. 

Ambbioan Meteobolooioal Joubnal. — July-September 1889. Vol. YI. 
Nos. 8-5. 8yo. 

The principal original articles are : — Storms and a central ascending current, 
by Prof. H. A. Hazen (7 pp.). In this paper the author states the principal 
arguments for and against the existence of a central ascending current in con- 
nection with cyclones. The arguments for are well known, but Prof. Hazen 
argues strongly against the idea, stating that the rainfall is not heaviest at the 
centre, and that tornadoes do not occur there. He declareslthat the laws of 
diminution of temperature with height are not sufficiently known, that meteoro- 
logy requires quantitative analysis, and positive calculations of cause and effect, 
ana that at present balloon observations are urgently required. — The organisa- 
tion of the Meteorological Service in some of the principal countries of Europe, 
by A. L. Rotch (11 pp.). In this No. the author gives an account of the meteoro> 
logical system in Holland. — Anemometer studies, by Prof. C. F. Marvin (6 pp.). 
This is a rejoinder to some remarks by Prof. Hazen on the anemometric experi- 
ments of himself and of Mr. Dines. He comes to the conclusion that the 
Robinson anemometer is more trustworthy than the English experiments seemed 
to show. The main subject of discussion is the influence of the natural wind at 
the time of the whirler experiments. — State Tornado Charts, by Lieut J. P. 
Finley (27 pp.). The charts now given are for Iowa, Kansas, Inaian Territory, 
Alabama, and Ohio. — Decrease of temperature with increase of a]titude,by Prof. 
W. Ferrel (5 pp.).— Some diurnal and annual oscillations of the barometer, by 
H. H. Clayton (3 pp.). — Saussure on the use of the sling thermometer (5 pp.). — 
Atmospheric economy of solar radiation, by A. Searle (7 pp.). — Cloud formation, 
bv Prof. H. A. Hazen (7 pp.). — Verification of Weather f^orecasts, by H. H. 
Clayton (9 pp.). 

Annuaibe db la Sogi£t£ M^t^obologique de Fbanoe. January- June 1889. 
4to. 

The principal articles are : Relations entre les mouvements barom^triques et 
les positions de la lune et du Soleil dans Fannie m6t6orologiaue 1883, par A. 
Poincar6 (6 pp.).— Compte rendu du service hydrom^trique du bassin de la 
Sa6ne pour Tannic 1887, par M. Remise (2 pp.).— R6sum6 des observations 
centralis^es par le service nydrom6trique du bassin de la Seine, pendant Tann^e 
1887, par M. Babinet (32 pp.). — Remarques th^oriques sur les mouvements 
gyratoires de Tatmosph^re, par H. Lasne (14 pp.). 

Bbitish Rainfall, 1888. By G. J. Bymons, F.B.S. 255 pp. and 5 plates. 

8vo. 1889. 

This valuable work now contains the records of rainfall from 2590 station's 
distributed over the British Isles. The year 1888 had much dry weather yet few 
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droughts ; hours and days of exceBsive rain, aud mouths with amounts of rain 
almost without precedent, yet the total was decidedly below the average. The 
greatest amount in the year, 175*4 ins., was measured at the Stye, Cumberland, 
and the least, 17*5 ins., at Skegness, Lincolnshire. 

JOUBNAL AND PBOOEEDINaS OF THE BoTAL SOOIETY OP NbW SoUTH WaLES. 

Vol. XXn. Part 2. 1888. 8vo. 

This contains four papers by Mr. H. C. Russell, viz. — 1. An improvement in 
anemometers (3 pp.). 2. The storm of 21 st September 1888 (3 pp.). 3. On a 
new self-recording thermometer (3 pp. and plate). 4. The thunderstorm of 16th 
October 1888 (2 pp.). 

Meteobolooisohe Zeitsgheift. Heraasgegeben in Auftrage der oester- 
reichischen Gesellschaft fiir Meteorologie nnd der deutschen meteorolo- 
gischen Gesellschaft. Redigirt von Dr. J. Hann and Dr. W. Eoppen. 
July and August 1889. 4to. 

Contains : Ueber die milden Winde im gronlandischen Winter, von A. Paulsen 
(9 pp*)' '^^B paper shows that the warm winds which Hoffmeyer always 
attributed to Fohn action are not really so produced, but are the winds in front 
of depressions, diverted on meeting the coast-line. They are damp not d^ winds. 
— Zur Thermodynamik der Atmosphare, von W. von Bezold (18 pp.). The two 
concluding parts of this paper appear in these Nos.— Die tagliche Periode der 
Feuchtigkeit in Christiania, von H. Mohn (7 pp.). This is a discussion of some 
observations taken hourly at the Christiania Observatory in 1841-3, and 1846-7, 
at the request of the Royal Socie^ of London. They have been discussed by 
Herr Schroeter, assistant at the Meteorological Institute. — Die Niederschlags- 
verhaltnisse in Galizien, von Dr. A. Wachlowski (5 pp.). This is an account of 
the rainfall organisation in Gallicia. The results are oased on the observations 
of 39 stations, a number which the author hopes to increase. 

Symons's Monthlt METEOBOLoaiCAL Magazine. July- September 1889. 
Vol. XXIV. Nos. 282-284. 8vo. 

Contains : The Paris Exhibition and its Congresses (3 pp.). — The Dorsetshire 
Waterspout of June 7th (4 pp.). — The Drought (4 pp.). — The Oak and the Ash 
(6 pp.).— Two great rainfalls. May 25th-30th, 1889 (4 pp.). At Sydney, New 
South Wales, 19*33 ins. of rain fell during the four days ending 9 a.m. on the 
28th. At Hongkong the exceptionally large rainfall of 34*11 ins. occurred 
between 3 a.m. on the 29th and 4 p.m. on the 30th. — Waterspouts, by J. R. 
Lecky (2 pp.).— Another extraordinary rain in Essex (I p.). During a thunder- 
storm on the night of September 2nd -3rd, very heavy rain fell in the neighbour- 
hood of Romford. It is very remarkable that a similar exceptionally heavy fall 
occurred at the same place 13 months previously. The following are the amounts 
on both occasions : — 

August 1st, 1888. September 2nd, 1889. 

North Ockendon. 4*56 ins. besides what ran over. 4*55 ins. 

Upminster Hall 4*50 „ „ „ „ 4*32 „ 

— Two Shropshire Whirlwinds, August 21st (3 pp.). 

The Scottish Gbogeaphioal Maqazike. Vol. V. No. 7. July 1889. 8vo. 

In a paper on the Geography of the Caucasus, Herr V. Dingelstedt gives the 
following account of the Climatology. He says : With great local variations, 
the climate of the Caucasus may be roughly characterised as continental on the 
great Armenian plateau, in Eastern Transcaucasia and Ciscaucasia, and as mari- 
time in the basin of the Rion, and on the narrow eastern shore of the Black Sea. 
The greatest variation between the mean highest and the mean lowest tempera- 
ture of the hottest and coldest months of the year is presented in the high 
Armenian plateau, where, as in Erivan, it attains 97° Fahr. (mean monthly, 
January 14°-9, August 79'*'2). It is least on the eastern shore of the Black Sea ; 
for instance, at Sukhum it is only about 64° (mean monthly, January 43°*0, 
August 75°*9). The highest mean annual temperature (58°*5) was experienced 
in Lenkoran, Sukhum, and Poti, the lowest in Ardagan 36°'9 (6,019 feet above 
aea-level), and Gudaur 37^*9 (7,245 feet). There is no meteorological station at 
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a lilgher altitude tlian this last. Both records of temperature are open to ques- 
tion in view of the insufficient number of observations. 

The distribution of moisture is most unequal : the eastern coast of the Black 
»Sca and the south-eastern comer of Transcaucasia (the district of Lenkoran) are 
almost as rainy as Portugal, Norway, and the high Alpine valleys Tfrom 47*3 to 
83*2 ins.), whilst the western shore of the Caspian and some parts of the Armenian 
plateau are as dry as Castellon de la Plana (Spain) or even as Chenab (Punjab) 
— (about 9'1 ins.), llie reason of this contrast is to be sought in the distribution 
of the mountains and the prevailing winds. The ramifications oi the main chain 
north of Elbruz (Tashly-syrt) and South of Shkara (Meski or Suram) check the 
moist winds, and the moisture they contain is almost wholly discharged upon the 
western slopes of the mountains. The moist winds of the Caspian, on the other 
hand, are arrested by the mountain ranee of Talysh, and thus the vast countnr 
drained by the Terek and Kura is under the influence of dry winds, which is 
exemplified in the dreary desert of Ust-Urt. 

The atmospheric pressure is highest in winter and lowest in summer. Of 1(X) 
windy days in summer there are about 72 days when the wind blows landward. 
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THE END. 



DR. BLACKLEV'S METHOD OF PREPARING OZONE PAPER. 



FIG. 1. 




tig L — A, A frame of wood on which is made to rest the sheet of plate glass H, 
shewn in figure 3. BB, Blocks of wood to which are attached the screws CC. 
DD, Nuts made in the form of feet, and used to raise or lower the frame A. 

2. — E, A frame of wood to which is attached the frame of brass F. This 
frame is made of *' printers' rule," and is soldered at the four comers so as to 
be water-tight at the corners. It is so fixed that the lower edge is perfectly 
horizontal and at the same level all round, and is held in position by the screws 
GGG. 

Fig 3 — Shews the whole of the apparatus as it is when in action. The glass plate 
H is made to rest upon the frame A, and upon this is placed the frame E with 
its brass frame F. The curtains 1 1 are of muslin, and are fixed lightly so as to 
assist in draining the water away. K Is a porcelain dish in which the whole 
apparatus stands. JJJJ Are iron weights used to prevent the water flowing 
away until the starch has deposited upon the sheet of paper. 
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Curves represenbng for the Mean of the three groups of Registrar 
General's Stations the variation of air temperature in England 
in each five-yearly period, and in each year. 


Variation of Temperature from the 
Average in each five-yearly period 
for each Quarter and for the Year. 
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